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THEN I tried Mr. Mulge' $ time · keepers, 
repeatedly, for the Board of Longitude, in 
the courſe of ſixteen years, at the Royal Obſerva- 


tory, never once making any objections to the 


bringing this trouble on myſelf, but, on the contrary, 
always helping the time-keepers forward to their 
trials; or when gave in to the Board of Longitude 
my reports of their going from day to day, ac- 
companied with calculations to ſhew their fitneſs 
or unfitneſs to anſwer the purpoſe they were de- 
ſigned for; I could not ſuſpect that I ſhould have 
the tranquillity of my ſtudies invaded, or my time 
further taken up, by being drawn into a literary 
diſpute with the maker of the time-keepers, or 
his ſon. I believe he was tempted to publiſh - 


the preſent narrative from an opinion that I ſhould 


not think it worth my while to anſwer it, any 
more than Mr. Harriſon's pamphlet, and then 


he thought it .might make a temporary impreſ- 


fion, ſufficient to anſwer his preſent purpoſe. I 
ſhall take as little notice as poſſible of the ſcan- 
dalous imputations thrown. upon me throughout 
every part of the pamphlet, without any proof 
whatfoever, and ſhall confine myſelf chiefly to 


| what has a relation to fact. 


o 
—  . k — Mr. 
* 
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LI 


0 . has decke 10 . to 
the Earl of Chatham, as Firſt Lord of the Ad- 


3 LI miralty, and conſequently firſt commiſſioner of 


longitude; a well choſen name certainly, if his 
- lordſhip had given his conſent to it; which, 
however, I am well aſſured, was not the caſe.. 
He has choſen to introduce, in this place, 
a very extraordinary aſſertion, hoping, no doubt, 
ſome of his readers would take it for granted, 
as he has done; namely, that the Board of 
Longitude muſt neceſſarily truſt to my report, 
whether the time · keepers are or are not objects 
of their attention; and he has prefixed an ad- 
vertiſement to his narrative, in which he quotes 
the authority of Doctor Zach, in the Berlin 
Ephemeris, concerning the ſuperiority of good 
time · Keepers to aſtronomical obſervations, for de- 
termining the longitudes of places, and mentions 
his diſapprobation, i in ſevere and pointed terms, of 
my mode of trying time - keepers at the Royal Ob- 
ſervatory. I ſhall ſhew the groundleſsneſs of theſe 
pretences in this preface, leaving the diſcuſſion | 
of the proper mode of trying rime-keepers to 
a future place of this anſwer. | 
He fays, „ Dr. Maſkelyne, from the to 
& ation he ſtands in as aſtronomer royal, is the 
proper perſon to try ſuch time-keepers 
e as are offered for the public uſe, and the 
9 Board of Longitude muſt e truſt to 
| 8 ce his 


t n 


| « kly report to decide whether they are or are not 
r objects of their attention. I acknowledge that 
J am, from my fituation at the Royal Obſerva- 
tory, the proper perſon to try theſe time-keepers; 
and Þ will add, that I had a hand, as one of the 
committee of the Board, who drew up the ſketch 
of particulars, which, through the recommenda- 
tion of the Board, were afterwards inſerted in the 
act of the 14th of his preſent Majeſty, in impoſ- 
ing this painful taſk on myſelf and my ſucceſſors 
in office, for it was not fo ordered in the act of 
15 tath Queen Ann; and that the reaſons of the 
+ committee for it, in which I heartily concurred, 
were to render the trial more accurate and au- 
 thentic than it could be if conducted by . 
private percſon. 
The excellence of the inſtruments at the 
Royal Obſervatory, and the frequent obſer- 
vations of the tranſits of the heavenly bytes 
over the meridian, made there in the uſual 
courſe of buſineſs, will always render the rate 
of going of the Obſervatory- clock better 
known than can be expected of the clock in 
moſt other places. The aſtronomer royal is 
further allowed an aſſiſtant by government, and 
there is always one of them, at leaſt, in attend- 
ance upon the obſervations, and conſequently 
ready to wind up the time Keeper at a ſtated 
WS" f time 


* 


time every day, and compare it with the tranſit 
clock; ſo that there will never be any occaſion 
to let the watch run down, or leave it in the care 
of che maker, or any perſon employed as his 
agent, which would be making him judge in his 
own cauſe. Moreover, the perſon intruſted by 
the public with the charge of the Royal Obſer- 
yatosy, from his experience in various nice cal- 
culations, which ariſe out of his obſervations, and 
muſt neceſſarily be made to adapt them to uſe- 
ful purpoſes, may be preſumed better qualified 
than moſt other perſons to make accurate cal- 
culations of the going of the watch, and to 
draw proper inferences as to its fitneſs or un- 
c fitneſs to FP Hime: in intervals of "0 dura- | 
V 
| J ſhall. now conſider Mr. Mudge s. aha, 
% that the Board of Longitude muſt neceſſarily truſt 
to. the aſtronomer royal's report, to decide whe- 
© ther they (the time-keepers) are or are not 
5 objects of their attention. I abſolutely deny this 
poſition. The Board of Longitude, when they 
put time-keepers into the hands of the aſtrono- 
mer royal to try them, have a right to require 
that he ſhould keep an account of his obſcrva- | 
vations on their going, in a regular and official | 
manner, and put down the particulars in the 
order of time, in a book prepared for the pur- 
25 mk The maker of the time-keeper has a 
| right 


PLS 1 


right to expect * ſame. Therefore if the aftro- f 
nomer royal did not keep his obſervations on the 


watches in this manner, and ſatisfy the maker of 
the watches that he did ſo, by ſhewing him the 
| regiſters occaſionally, when he may call, at pro- 
per times, to look at them, he would, no doubt, 
make his complaints on the ſubject to the Board, 
and obtain redreſs. The account of the going 
of the watches at the Royal Obſeryatory. is, 
and has been always, kept in this manner, and 
the makers of the time-keepers, or ſomebody 
for them, have, at all proper times, been allowed 
freely to come and inſpect the regiſters of their 
e ee nnn 
r. 
Lebe en is kept i in \ the 8 manner: 
The watch is wound up and compared with the 
tranſit - clock every day about noon, and the 
times ſhewn by each are immediately noted in 
the regiſter· book, prepared for the purpoſe, ruled 


with red lines horizontally, dividing it into forty 
intervals, for ſo many days obſervations of the 


watch, and by black lines perpendicularly to 
divide it into diſtinct columns, containing the 
noted times of the watch and clock, the daily 


rate of the tranſit- clock, and the elements of the 


calculations for finding the daily rate of the 
watch, that is, its loſs or gain upon mean time 
from the preceding day, which is ſet down in 
Nl | Be, the 
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the ut h but one, the len being 
ſet down in the laſt column. The regiſters of all 
the various watches, which have been tried at the 
Royal Obſervatory, have been kept, in the ſame 
manner, and are ſtill preſerved at the Royal Ob- 
ſervatory; and to them I appeal for the truth of 
the facts. I have uſualhy given in reports, at 
every Board of Longitude, of the daily rates of 
watches from the time of the laſt report; 4 
Which daily rates the loſs or gain of the watch, 
from the commencement of its trial, or during 
any other interval of time, may be deduced by 
any perſon ſufficiently ſkilled in caleulation, 
whom the Board might employ, or who might be 
allowed copies of the rates, as well as the aſtro- 
nomer royal. I have further given copies of 
theſe rates from time to time to the makers of 
the time-keepers, from which they alſo might 
themſelves, or by the aſſiſtanee of others, make 
the like calculations. On the 4th of December, 
1790, when the Board were to take the going of 
Mr. Mudge's two watches into conſideration, I 
laid before them a complete copy of the daily rates 
of the watch, during the twelve months trial, the 
greater part of which had been given them be- 
fore in ſeparate parts, at the ſeveral meetings of 
the Board during the trial; to which I added my 
inferences of the total errors of the watches, from 
* ng of the trial to ny particular day, 
_ aſſuming 


. 
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| * the daily rate * going of the watch : 
from a mean of the daily rates of the firſt month, 


which aſſumption appeared plainly upon the re- 
port which I gave in, and I particularly ex- 
plained to the Board. I further added the errors 


of the watches in ſix ſeveral periods of fix months. 


each, compriſed in the twelve months trial, de- 


duced from the foregoing calculations, and clearly | 
explained the manner in which the deductions 


were made, Therefore the Board were not 
obliged to truſt to my report, to decide whether 
the time-keepers are or are not objects of their 
attention, for they had all the materials-before 
them neceſſary to form their judgment, and 
they determined unanimouſly that © as the time- 
« keepers had not gone, upon the twelve months 
« trial, with the exactneſs required by the act of 
« the 14th of the preſent king, they were not 
A authorized to order further trials of them,” | 


A few days after I had delivered this report of 


the going of the watches to the Board, I ſent a 
copy of it to Mr. Dutton, for the uſe of Mr. 
Mudge, which he acknowledges he-has received. 


He has not called in queſtion the authenticity of 


the numbers or the truth of the calculations/of this 


report, but only the principle of allowing the rate 
of going deduced from a mean of the daily rates of 


the firſt month, which is a matter of argument, 


ind ſhall be diſcuſfed i in the * of this anſwer. ; 
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{ After 95 Dedication, Mr. Mudge introduces 


his Preface, which” being replete with nothing 
dut invectives, I ſhall paſs over unnoticed. He 


| then inferrs an Advertiſement, which he mentions | 
being occaſioned by his having been favoured 


with the Berlin Ephemeris for the year 1794, 
and thinks it will add ſome weight to the contents 


of his pamphlet to obſerve, that profeſſor Zach 


has demonſtrated in that work, from a variety of 
experiments and calculations, that good time- 


| keepers are much more to be depended upon, 
for determining the longitude with exactneſs, than 


any aſtronomical obſervations whatſoever ; and 
Kas arraigned with great ſeverity, the mode of 
trial practiſed by me at the Royal Obſervatory at 
Greenwich, as contrary to every principle of rea- 


fon and juſtice; and predicts that every artiſt will - 


be rejected in conſequence of its eſtabliſhment, 


which he attributes entirely to my obſtinate 


party ſpirit. Not having poſſeſſion of the Berlin 
Ephemeris, nor, if 1 had, being able to read it, as 
it is in the German language, I. mall take 
theſe particulars, on wut, as related by Mr. 
Mader. 

e * Though 85 Sr ſacrifices his own ſciencein 
EE. complaiſance 


* e eee eee ee Dr. Zach, who 
ib © oſtentatiouſiy held. out againſt me. By the beſt ac- 
WT 0xs Goin of bam, be is ap Profeir os profes, 
MA. although 
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_ © Complaiſance to time - Keepers, I cannot do, the 


fame. No doubt good time-keepers, and among 
them Mr. Mudge's, may be very uſeful in ſettling 
geographical longitudes of places, eſpecially if not 
very remote from one another, and in cafe there 
is opportunity to aſcertain the daily rate of their 
going from time to time, as it may hap- 
pen to vary. But 1 ſnould prefer correſpon- 
dent obſervations of an eclipſe of a bright fixt ſtar 
by the moon, made by two aſtronomers furniſhed 


with proper inſtruments, at places not very remote 
from each other; and a number of correſpondent 
obſervations of the tranſits of the moon over the 


although Mr. Madge 3 kim with that title, Joubileſs 
to give more weight. to the contents of his pamphlet, and Dr. 
Zach's condemnation of me. He was formerly a Profeſſor 
of Engineery, om the eſtabliſhment of the late Empreſs 
| Maria Thereſa, which was aboliſhed with many other publit 
jnſtitutions by the late Emperor /Joſeph. He then. came to 
| England, and was recommended to Count Pp to be 
tutor to his ſon. He was introduced by the Count to 
the acquaintance of Dr. Hornſby; by whoſe recommendation 
and intereſt he obtained the honor of a degree of Doctor of 
Laws from the Univerſity of Oxford. The-Count afterwards 
endeayouredto obtain for Dr. Zach the honor of being elected 
a Fellow of the Royal Society, at two different times, the firſt 
time on the Home Lift, in 1786, and the ſecond tiaie on the 
| Foreign Lit, in 17885 in both which'be failedy and d DUN 
Zach's leaving England, he recommended him to the Duke of 
Saxe Gotha, to be aſtronomer to his Highneſs; in which 
n believe, he has been n ever ſince. 
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8 with thoſe of fixt ſtars, made 
* two aſtronomers at two remote places, to any 
time · keeper whatſoever, for inet lr rela- 
tive ſituation of the two places. 

As to the mode of trial, rv Zach 
arraigns with ſo much ſeverity, by which he means 
the mode of calcylating the errors of the watches, 
 J-ſhall-ſhew- the neceſſity and / propriety of it in 

the ſequel, and therefore need ſay nothing about 
it in this place. I ſhould have been at a loſs to 
account ſor this very extraordinary public attack 
upon me by Dr. Zach, if he had not formerly 

made a private one on me when he reſided in 

England, about 1786, in Count Bruhl's houſe, as 

tutor to his ſon, and ſometimes aſſiſting the 
Count in his aſtronomical obſervations. He 
"bod been a conſiderable time in England, without 
being introduced to me by any of his friends or 
my friends, and I did not even know his perſon 
till he was introduced to me at a meeting of the 
Royal Society, after he had reſided here ſome 
= _ I then invited him to the Royal Obſerva- 
Nevertheleſs T have been informed that, 
N to his having been introduced to my 
5 acquaintance, he complained of my never having „ 
ſhewn him any civilities; which my friends know | 
I have been always ready to ſhew to learned | 
foreigners, and indeed to every one who was 
property introduced to me. He next, in conver- | 
5 an | ſation 
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ſition with Sir Joſep U Bünkz prefident of the 
oyal Society and à commiſſioner of longitude, 
alerted that the calculations of the ſun in the 
nautical almanac, of which 1 am the conductor, 
for the board of longitude, were not made in an 
accurate manner, not being calculated for every 
day as they ought to be, and as the preface i im- 
ports, but only here and there, and filled up in 
the intermediate places by proportion and inter- 
polation. As ſoon as T was told of this charge, 
J defired Sir Joſeph Banks to call upon him, in 
my name, to produce any one inſtance, in any one 
month of the nautical almanacs of twenty-ſix 
years, which T had then publiſhed for the board of 
| lopgitude, where ſuch an aſſertion could be proved. 
Pr. Zach was informed of this, and for a conſi- 
derable time gave no anſwer to it. At length, 
upon being applied to again by Sir Joſeph Banks, 


he ſent him a letter, ſee Ne III. of the Appendix, 


explaining how he came to ſuſpect theſe calcula - 
tions of inaccuracy, and mentioning three inſtances 
in proof of his aſſertions. The account of the riſe 


of his ſuſpicions of errors in the ſun's right aſcen- 


ſion and equation of t time in the nautical almanac, 
given in this letter, is very curious. He had 
found apparent irregularities in the rates . 
going of three time: pieces, namely a pendulum 
clock of Mr. Mudge's, Mr. Mudge's firſt time- 
keeper, and a 2 ne made by Mr. Emery, 
2 0 2 N all 


ſometimes eu vary by jerks, as be calls ther, d 
: ſometimes all three together, and theſe variations 


be thought could not happen to ſuch excellent 


machines through their own faults, but muſt. be 
owing either to errors in che ſolar tables uſed in com- 
puting the nautical almanac, or to errors of com- 
putation in finding the ſun's right aſcenſion and 
equation of time from them, which are vm. * 
reducing the obſervations. . It is certainly. very 
 Unfaip, to accuſe. the nautical almanac of errors . 

Mayer's tables, ſince they have heen generally 


_ reputed the beſt extant, fidelity and care there - 
: fore in computing from them is all to be 
expected from us. But I muſt tell this aſtro- 


nomer, that ſmall errors in the tables, and he 


Pretends no others, and there are no others, cat. 


not ſerye his turn to account for the errors of his 


time pieces, ſince it is the nature of differences of 
the neareſt numbers in tables not to be ſenſibly 
_ _ affected by ſmall: errors of the elements from 


.. which, theyare conſtructed, in ſo much that, for 


finding the differences of the ſun's longitude or | 


right aſcenſion, or of the equation of time from 


ſolar tables cannot account for the jerks of his time 


n It nnn be Eres whether, 


there 


: day to day, it would be indifferent which of the 
_ modern tables were made uſe of, Therefore the 
ſmall errors which may be ſuppoſed to exiſt in the 


x 


a } 
on is. reaſon to ſuſpect errors in the calculations 
almanac ee en ee for 
them. . 
Dr. Zach . 1 
occurring in the ſun's right aſcenſion and equation 
of time in the nautical almanac. on the 21ſt and 
224 of June 1783 and on 27 April 2786. Sig. 
oſeph Banks employed the late Mr. Michael 
5 — the celebrated computer, and author of 
the logarithauc tables of ſines and | 
_ every ſecond of the quadrant (which 1 am about 
to publiſh) to recompute the places in the nautical 
_ almanac which were objected to by Dr. Zach; 1 
| have allo recomputed them myſelf, and my com- 
putations agree entirely with Mr. Taylor's; but 
our computations do not agree with Dr. Zach's 
On the firſt day, June 21ſt 1783, we find both the 
- ſun's, right aſcenſion and the equation of time in 
the nautical. almanac true to the neareſt tenth of a 
ſecond. On the ſecond. day, viz. June the aad 
1 we find the equation of time exat̃t 1 in the 
nautical almanac, though Dr, Zach makes it o“ 1 
greater than chere ſet down, which I ſhall hom 
preſently is owing to an erroneous method which 
he uſes of computing the equation of tine; and 
we find the ſun's right aſcenſion this day 0% 16 dif- 
ferent, from what 1s ſet down in the nautical 
almanac, and not ©”, 2.25 Dr. Zach found it by his 
computations. On the 3d day, viz. April 17 
Ys) we found the * * aſcenſion in the 
| nautical 


Haigh ae the t 25 ee „ 


5 fecond, and the equation of time to err 0 18 of 


time. All the errors then of the nautical, alrnanac 5 


a are only, 0 r6in ſun's right Aſcenlion « on one day, 
" and of, 18 in the equation of i time on another of 
the wier days fixed upon by Dr. Zach. Such 
are the miſtakes Aoi out by. A perſon who had 
complained of frequent miſtakes, in "the nautical 
Amanac, and which appear on examination to be a 
" fewer and leſs than he ſuppoſed, and are indeed 
the greateſt commenidation. of it. The ſun's lon- 
ES in the nautical almanac on theſe three days 
greed exit Wich the new computations.” 
7 12 am perſuaded that the ſun's right aſcenſion | 
and equation of time are- geherally' true to the 
neareſt tenth Of a ſecond in the pavrical almanac,” 
I find the fame daily rare of the obſervatory clock 
from the ſun's obferved tranfits reduced by the 
help of the navrical almanze as ffom the obſerved 
tranſits of the fixt ſtars. Therefore che variations 
Which Dr. Zäch conjplaths of i in the three 
tirne-piects muſt have been owing either to their 
own "irregularities," or the errors of his obſervations | 
of the meridian tranſits of the fon, or partly one 
and partly the other. As to their all varying their 
Flates the fame way together, ir is what, from the 
nature of accidental variations, muſt ſometimes 
bappen in à long courſe of obſervations. His 
pretegee that errors of o”, 2 of time in the nautical 
| —— be pointed out by the time· piece, is 
| 4 4 abſurd, 
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abſund, PR it Mr. Mudge's firſt — 
appears by Dr. Hornſby's regiſter of its going 
publiſhed by Count Bruhl, as well as by my own | 
trial of it, to be liable to vary its daily rate on 
two days immediately following one another, 
- ſometimes by che quantity of 3. Dr. Zach's 
laying the irregularities of the time-pieces, in his 
| trial of them, to the charge of the nautical almanac, ' 
is like Mr. Mudge's laying thoſe of his father's 
time-keepers, during my trial of them, on ſomie 
ſuppoſed ill treatment of them with me, or unfair 
calculations of their errors in a length of time. 
; I mentioned above that Dr. Tach made an 
| error of ol, eee 
of time on 22 June 1783, and that the fault which 
he laid on the nautical almanac was really his own, 
le has given his computations for this day at 
length, which ſhew that he uſed" an erroneous 
meethod of computing the equation of time, by 
omitting to apply the equation of the equinoxes in 

_ right aſcenſion (which is equal to rzth equation 

of equinoxes in longitude, reduced to time, 

with its ſign changed.) He has therefore - 
; fallen into one of the two errors, which were 
haſtily taken up by the late Abbe de la Caille in 
his ſolar tables, which I pointed out and corrected 
in Phil. Tranſ. vol. liv. for 1764, p. 336. My 
proof of it is this: He makes the equation of 
time, expreſſed in parts of the equator = equation 
=] 4 * | of 
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But it is by theory, = G true Ak - Gs mean 
| Ak (Vock being reckoned from” the true equi- | 
non Os mean AR, from mean equinox 
-<quation' of Ss center . ſum of four ſinall 
equations 4 reduQion”ts- * s mean 
M from mean equinox - equation of equin, 
1 in long: = '6quat; of '© 's center + ſum of four 


* _ III this differs. 


which in the caſe of his compuration, of June 
_ _ 22d,” 1783, amounts to o“, 14, be ſubſtracted 
” Som 1 4% 92, his equation of time, it will 
Z give 1 2% 80, the true equation of time; and 
Rr, ſet down in the nautical almanac. 


muſt be Rable to an error of 10 f of time in com- 
puting the equation of time, eh the equation 
of the equinoxes is at a maximum; which, pre- 
 __ fuming his own method to be right, he of courſe 
”  cehargestothenautical/almanae; no wonder then 
8 | he ſhould think it ill calculated. 
Dr. Zach further aſſerts, deen tribe he 
uy anſwering to any hour of an obſervatory clock 
- _ - _ - Eanijot be inferred nearer than about one ſecond 
deem, from the tranſit of che ſun obſerved by 


reduction of i true longitide- to his true AR. 


ſmall "equations + reductiom to equator — : 


1 1 7 as weren, 


Dr. Zach, by the uſe of this miſtaken method, 


1 


t v 1 


the dime afiche dan; clock, and the right aſden- 
ſian of the ſun and equation of time taken out of 
the nautical. almanac! for feducing the time, 
partly on aceount of errors of o“ t, or O, a, in the 
fun s right aſbenſion, and equation of time in the 
nautical almanac, which together he ſays, will 

make O 3; and partly on account of the effect 
of nutation upon the equation of time, which, he 
_ fays, is omitted in the nautical almanac, which 
may amount ro o, 3; and partly on account of 
the difference o“, 3, of the attraction of Venus; 


fertled by Mr. Lexell according to Mr. Euler's 


theory; which corrections altogether make o g. 
To this I anſwer; 1. The computation of the 
mean time anſwering to the propoſed time of 4 


clock depends only on the equation of time ſet 


down in the ephemeris and the daily rate of the 


nautical almanac not being at all wanted, and the 
calculation being better made without it; but if ĩt 
| be wed, any error of it will compenſate. ieſelf in the 


time deduced will be affected only with the error 


of the equation of time, which is generally true to 
che neareſt tenth of a ſecond. adly, The effect of 


the nutation is not omitted in the nautical alma- 


Hae, being taken in by calculating the ſun's 
t aſcenſion after the longitude has been cor- 


rected. by the, 9 of the equinoxes, which 


elock the ſun's right aſcenſion ſet down in the 


Therefore the mean 
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| n of th6-four/ſeiall-equatioin, with dhe 


true obliquity of the ecliptic. | 3dly, Mr. Lexell's 
_ - correction. of the ſun's longitude for: the diffe- 
- rence of Venus's action may be liable to ſome 
doubts, and ne ee n 
, troduced into any aſtronomical tables. 
1 b to- n an 
Banks by condemning my method of keeping the 
regiſters of time-keepers at the Royal Obſervatory. 
Hle, arrogantly and without any proof, ſays © It is 
e diſapproved by every body acquainted with the 
e ſubject; that it diſcourages artiſts, particularly 
Mr. Mudge, who, while this method is con- 
E tinued, will never ſubrmit his time · keeper to an- 
_ * other trial at the Royal Obſervatory ; he then 
. © expreſſes his wiſnes that Sir Joſeph would 
2 bring the aſtronomer royal to lay before che 
9 Beard of Longitude the bare 92. of the 


88 y Q * Notwithſtanding this threat, Mr. Mudge was glad, three- 

years afterwards, to get his two time-keepers introduced at 
any rate to a third trial at che Royal Obſervatory, with all 
che bardhip here complained. of, in having their accumulated 

errors ſtated from the commencement of the trial to each 
particular day. He defired me, by Mtr. Dutton, to receive 
them, and try them again, without waiting for the directions 
of the Board of Longitude; which propoſal, however, I did 
not agree to; but I recommended them to the Board, at their 
next meeting, on the 2gth of November, 1788, for that purpoſe, 
| Tee the minutes of the Board of that day, Ne 2 of che Appen- 
tix. They were accordingly brought to the Royal Obſervatory, 
and configned to my care on the zad of June, 1789, which 
was the commencement of their third and laſt trial. 


T 8 © « daily 
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daily rates of the going of the time pieces com- 
©© mitted to his examination, which would ſave 
ce him the trouble of conſtructing ſuch tables, 


« which will ſhew the beſt pendulum clock, art 


« has hitherto conſtructed, but a very indifferent 


ce machine.“ What Dr. Zach means to find 
fault with here, is my taking the trouble to com- 


pute the errors of the time · keepers from the firſt, 
and adding it to my report of the daily rates to 


the Board of Longitude. To be ſure, this me- 


thod, at the ſame time that it makes the report 
more complete, points out the errors of the 


time-keepers, whatever they are, in a full and 


palpable manner, which no doubt is the cireum- 


ſtance that gives offence to Dr. Zach and Mr. 


Mudge. But it points out what it ought to 


point out, and what it is no leſs my duty than 


my right as a commiſſioner, as well as trier of the 
time-keepers, to explain to the Board of Longi- 

tude, agreeable to Mr. Mudge's own words, p. 
42. That I ought to give a candid and un- 
« equivocal account of all I knew relative to the 


ce invention, that the commiſſioners might be 
« enabled to come to a deciſion with all the 
t knowledge upon the ſubject which 1 was 
te capable of communicating.” Yet now, in 
contradiction to this, Dr. Zach and Mr. Mudge 
would not have me make uſe of my own judgment 
experience in theſe matters, and act the part 


D 2 4G 


ol a faithful counſellor to the Board, by making. 
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what I think proper calculations from the daily 
rates, to infer the fitneſs or unfitneſs of the time 
keepers to keep time well for a continuance ; but 
they would have me leave it to Mr, Mudge him- 
ſelf, or his friend Dr. Zach, to make theſe caleu- 
lations themſelves, by which they might have the 


readier opportunity of putting their own gloſſes 


an the trials, and by bold aſſertions and artful. 
calculations, and aſſuming ſuch, rates of going of 
the watches as might be moſt ſuitable to dimi- 

niſn their errors, endeavour. to make it appear 
to the Board of Longitude, and to the public at 
large, that the time-keepers had really come 
within the limits of exactneſs required by the 
act of the 14th of the preſent king, when, per- 
haps, by my methed- of calculation, founded 
upon ſure principles, and equally; impartial both 
towards the watch maker and the public, the 
very reverſe. might appear, as was the caſe in 
the —— n ly e e eee 

1 . oe Gay Lakin" in kaſi: to Dr. 

| Zach's. accuſing me of an obſtinate party . 
If: by this he means, that I am one of a party 


ioimical to time - kcepers, and unwilling to givo 


them a fair trial, I deny. that any ſuch party 
exiſts, | There is no oppoſition or rivalſhip be- 
* the; * 1 __ the 3 by 


time- 


t 


ene besen, and hn by e 


diſtinct rewards being aſſigned to each. I ſhall 


ſhew, in the courſe of my anſwers; that L have 


been, not only no enemy, but very friendly te 
time -keepers, and particularly Mr. Mudge a 
any aof the other members of the Board are in a 
party againſt. him, for he lays the whole blame 


on me. But if Dr. Zach means to allude to 


be a Fellow of the Royal Society on the home liſt 
at the time he was in England, in 1786, and after» 
wards on the foreign liſt, in 1788, and ſuſpects me 


of having taken a forward part againſt him, I muſt 


fay he does me injuſtice; and that my behaviour 
on thoſe occaſions did not deſerve ſuch cenſure; 
On the firſt, I voted for him, not having been, at 


that time, made acquainted with his unhand 


ſome attack on me, about the nautical almanac. 
On che ſecond, | which was almoſt two years 


he had attempted. to do me, that I even 
ſpoke in his favour to ſome of my friends, pre- 


favor of me, whom he had traduced with reſpect to 
the- calculations of the nautical almanac. After 
this, if I did vote againſt him, I apprehend I-ſhall 
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| obſtitate/ ben, br. 1 rege e 
vdtes againſt him. ee ee e | 
I flarter' nell chat boch — . 

and my aftronomical opinions are and will con- 

tinue to be held in better eſtimation by other 
they have been by Dr. Zach; and I have no 
doubt, after my expoſition of his miſtaken rea- 
ſions for ſuſpecting the nautical almanac of 
inaccuracy; of his ignorance in attributing 
his own errors in the calculation of the 
5 equation of time to faults in the nautical alma- 
nac, and in conſequence charging the nauti- 
cal almanac with errors where there were none 
his falſe reaſoning concerning the computing 
the mean time from a tranſit of the ſun, reduced 
by the nautical almanac; and his inſidious and 
preſumptuous propolition to have the aſtronomer 
royal confined in the exerciſe of his right and 
duty to ſtate to the Board of Longitude ſuch- 
calculations as he ſhall think proper to ſubmit 
to them, when they are going to decide on the 
© degrees of merits of time-keepers, that Dr. 
Zach will not be thought a man of ſuch conſum- 
mate knowledge and judgment, as to be entitled 
to lay down the proper method of trying time- 
keepers, and that his opinions and cenſures will 
be both thought equally undeſerving the atten- 
tion of the public, * impartial perſunn. 
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Aſter noticing Dr. Zach's miſtaken cenſures 
upon the calculations of the nautical almanac, I am 
happy in the opportunity now offered me of 
giving a reſpectable teſtimony in their favour, 
that of Mr. De Lalande, the learned author of 
the moſt complete treatiſe of aſtronomy extant, 
at page 145 of firſt vol. 3d edition, juſt publiſhed 
at Paris, with important additions and improve- 


ments, particularly in the aſtronomical Tables. 


Speaking of Ephemerides he ſays, © On a fait a 
c Bologne, a Vienne, a Berlin, a Milan; mais 
« Je nautical almanac de Londres eſt Pephemeride 


* 1a plus parfaite q uil y ait jamais eu.“ 
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of two of his father's time-keepers, in a late trial 
at the Royal Obſervatory, in order to Prepare 


the way for his preſenting a petition to the 


Houſe of Commons, in hopes of obtaining that 


reward from parliament, which was denied him 
| by the Board of Longitude, wks 7 e e ” 


report. 


The Board An db ahold. 


tions the ſeveral trials have been made, are fully 


competent to judge of the propriety with which 
they have been conducted. They have approved 
my report, and calculations concerning the go- 


and upon that have unanimouſly determined, that 
« as they have not gone, upon the twelve- 
& monthẽ's trial, with the exactneſs required by the 


c act of the 14th of the preſent king, they 


ec were not authorized to order further trials of 
e I therefore need no vindication of my 


E GENS 


R.. Mudge's profalled- deſign in 2 
pamphlet is to invalidate my report ta 
Dre 


ing of Mr. Mudge's two watches in the late trial, 
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conduct to the Board of Longitude. But, as the 
- public at large have not the ſame lights to guide 
them, and my own reputation may ſuffer from 


my filence, I think proper to lay a fair ſtate of 
the facts before them. I ſhall then ſubjoin ani- 
madverſions on the principal paſſages in the 


pamphlet, to confute the miſtakes in facts, to 
bee explain miſrepreſentations, and vindicate the pro- 


priety of the mode of calculation, which I have 
uſed in n errors of the time-keepers 1 in 


| different periods. — 


It might have dien peel, that a perſon 


85 publicly calling in queſtion an official trial of his 


watches, made under the direction of the Board 


of Longitude, and the calculations made thereon 
by the Aſtronomer Royal, and unanimouſly admit- 


ted by the Board, ſhould have brought ſome ſtrong 


evidence to ſhew that his watches had been im- 


properly managed, and ſome cogent arguments 


' - to ſhew that the mode of calculation, inſtituted 
„ determining on their merits, was unreaſon- 


able. Inſtead of this, the author of the Narra- 
tive, Mr. Thomas Mudge, jun. ſon of Mr. Thomas 
Mudge, ſen. the maker of theſe watches, but 


5 whom I ſhall conſider, in the courſe of theſe re- 


marks; as one and the ſame perſon with his 


father, hp whoſe direction and advice, as it is in his 
cauſe, no doubt, it was written, has, without the 
| n TEN ES with . biaſſed by 
n 1 | * finiſter 


Y 4. 


finiſter® motives, uſing unwarrantable He's, 
in the management of his watches, and employ- 
ing an unfair mode of calculation; and to ſupply 
the want of evidence neceſſary to give weight to 
theſe charges, has mentioned a number of little 
circumſtances, moſt of which have no baſis in truth 
to ſupport them, and others innocent in themſelves, 
but greatly miſrepreſented and artfully Tet, 5 
to make them appear to indicate ill intentions in 
me to Mr. Mudge and his watches. He has 
invidiouſiy and groundleſsly afferted that his 
watches went better when tried by other perſons AS. 
| than by myſelf; he has carefully ſuppreſſed feve- oo 
ral particulars relating to the trials of his watches, 
which, if they had been candidly mentioned, as +3 
they ought to have been, would have thrown a 1 
very different appearance even upon his own - 
ſtate of the caſe, but at the ſame time defeated | 
the ends of his publication; and he has made the | 
moſt futile objections to my mode of calculating 
the errors of the watches, and propoſe ed Res 
in its ſtead, very improper in this caſe, and 
which, I am perſwaded, he would not hienſelF 
be bound by on another occaſion... - 5 
Whoever looks into this publication ws 1 
ſtruck with the great profuſion of bold unquali- 
fied aſſertions, impeaching my candor and 
Integrity, repeated in almoſt every page, in dif- 
16 ferent _ but to the ſame!” Furore and che ellen. | 
E 2 der 
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der arguments . in m 1 
hall give an anſwer to whatever has the appearance 
of facts, and juſtify my conduct and my calcula. 


tions. The minutes of the Board of Longitude; 


the warks that I have publiſhed for them ; the 


original regiſters of the going of Mr. Mudge's 


watches at the Royal Obſervatory; the going ol 


his watches in the hands of others, as related by 
himſelf in this pamphlet, and in qne printed by 


| his friend Count Brubl, ſhall be my documents. 


Ino proceed to the hiſtory of the various trials 


of Mr. Mudge's time-keepers, under the direction 


— 


. ol the Board of Longitude, at the Royal Obſerva- 


rory, and F-wiſh the reader will carry in his eye the 
minutes of the Board of Longitude, relative ta 
the fame, contained i in the Appendix: to. els 
remarks; 

+ Theſe trials relate to Ja watches, _ al 
been made at various times, during the courſe 


| of ſixteen years, between the years 1774 and 
1790: The firſt watch, ; diſtinguiſhed by the 

name of his firſt: time-keeper, was, fried here 
ingly, between December 144th, . 1774, and 
March 13th, 177 55 and again between Novem- 

ber (34th, . 1776, and February Zbth, 1778. 


The two other watches, called Green and Blue, 


from the colour of their caſes, were tried here 


together at three ſeveral times, Yaz, from. April 


20th, 1799, to July 17th, 17 80 and again 


fo July auf, 1789 to September 1 12th, 1784; 
8 and 


FN 


and laſtly a third time from June 24th, 1789, o 
lune 2th, 1790, which is the trial to, which, his: 
pamphlet principally relates. The trial of his firſt: 


time · keeper took up eighteen months; the fir. 
trial of the two watches, Green and Blue took up 
fifteen, months; the ſecond trial of the fame took. 
up near fourteen months; and the third and laſt 
trial of the ſame took up a twelve - mont. 5 
] It is recorded in the minutes of the Board, 

held on the 25th. of June, 1774, that “ Mr. 
4 Mudge ſubmitted; the trial of it (his firſk time- 
“ keeper) entirely to the Board, either by Mr. 
« Maſkelyne, in the ſame way that other time- 
ce keepers have been tried at the Royal. Obſerya- 


0 60 tory at Greenwich, or in any other manner, 


t that they ſhould, judge proper. And the 
Board reſolved, © That the ſaid watch be ſent 
to Mr. Maſkelyne, when he returns to Green - 
« wich, and that he be deſired, to make trial of 

_ * it accordingly, and after a proper time to report 
the reſult of his obſervations thereupon to the 


* Board,” [I was then abſent from the Royal 1 
Ohſervatory, at the deſire. of the Royal Society, 


with permiſſion of his Majeſty.] . Mr. Mudge's 
firſt time-keepeer, was, accordingly brought 
down to the Royal Obſervatory, on. December | 
AT L3th, and. the: trial of it commenced. the next 
= day, December 14th, 1774. The manner of | 
N the watch ö been ſubmitted to the 
diſcretion 
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e Board by Nr, Mudge, and 
_ by chem to me, as above related, and recol- 


lecting that Mr. Mudge had formerly expreſſed 
his opinion to me that Mr. Harrifon's watch 
Had not been ſubjected to fufficient variations 
of heat and cold in the tranfit room, (which 
being a cloſe room on the ground floor 4 


wanmer than the outer air by ten degrees in 


extreme cold weather, and as much cooler in 


the extreme heats of ſummer) 1 thought it 
might he right to ſubject his watch to greater 


ha changes, and therefore kept it in the great 


room, only one eaſy pair of ſtairs above che 
tranſit room, where from the great number 
and height of the windows, and its diſtance 
from the ground, and having no ſtory above 
it, the watch would be liable to undergo greater | 
degrees of heat and cold than below; and 1 
. thought Mr. Mudge could not be offended at my 
doing in the caſe of his watch what he thought 


mould have been r in the caſe * N Har- | 


riſon's. . en We 
It was necelaty, i in comſetuetce, We 


watch down the ealy pair of ſtairs before 


g every day about noon, to the tranſit 
room, to compare it, aſter winding it up, with the 
tranſit clock, and to carry it back again the ſame 
Way as it Was brought down, and depoſit it in 
che * ITT eG; in this manner 


mah the 


' 


<4 


the trial 8 every day, from penn 
14th, 1774 to Feb. 11th, 1775, when the watch 


Voas found ſtopped. The * ſays « Watch 


_ « ſtopt: Hands point to 57 2 31/ 400, whence it 
« appears to have ſtopt yeſterday ſoon after it was 


« compared. J. H.“ The hand-writing, and 
initials of the name, of my aſſiſtant at that time, 


| Mr. John Hellins. The regiſter to F ebruary 1 9th 
; relates that «© Mr. Dutton came down to examine 


te the watch, and ſet it going again, but ſuppoſes 
e jt wasſtopt in carrying from the tranſit room to 
« the great room.” I then compared it with the 


_ tranſit clock, and continued the trial in the ſame 
manner as before, till 1 3th March, whenthe watch 


was again found ſtopped. - The regiſter. er | 
« Watch not going. The hands point to 2. 30 22 


« - £6" 4... H.” : The next entry. in the regiſter 


is as follows. ce March 19th Mr. Dutton came 


C 0 examine the watch. He found the main 


ec ſpring broken, and ca rried the watch away 


« with him.” 1 muſt here add, that I have 


all the reaſon in the world to think that 
my aſſiſtant, during all this time, carried the 


watch backwards. and forwards every day, be- 
tween the great. room and tranſit room, with the 
greateſt care. Its rate of going kept gradually 


accelerating between the beginning of the trial 
and the ſecond ſtopping, till at laſt, at the end 
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Ser 4 My; but the rate of going was not at 


[3889] - 
vs, it went faſter than at firſt by 


all altered by the firſt ſtopping, it going at juſt 


the famerate immediately after it as before, which 
mers that no injury had been done to the watch. 


At che Board of Longitude, held 27th May 


999%, „Mr. Mudge being attending was called 
in, and made objections to the place in which 


his titne-keeper had been tried at the Royal 
* Obſervatory; and, being aſked if he would 
er be ſatisfied to have the ſame tried in the tranſit 


dom, where che other time-keepers have 
* been tried Mr. Harriſon's and Mr. Kendal's] 


* he declared he would, and then withdrew ; and 

cc the Aſtronomer Royal was defired to try it in 
that room accordingly.” In co to 
this, the minute of the Board of Longitude of 
November zd, 1776, ſtates, that «Me. Dutton 


attended with Mr. Mudge's watch, and Mr. 
© Maſkelyne was deſired, and undertook} to try it 
Again at the Royal'Obſervatory, in the fame 

. m herein Mr. Harriſon's watch was tried.“ 


On November urch, 1776, Mr. Dutton brought 
he watch down again to the Royal Obſervatory, 
to be tried in the tranſit room, according to the 
eee "the n e N ram re- 


EE 


", F - AtxBoandofLongedehl f March 1777, 
| | I made 


TY 
e . 3 * 
* [ * | ' 3 a ] 


I made a report of che going of Mr. Mudge's 
watch from Nov. 11th 1776 to Feb. 28th 1999, 
a ſpace of 209 days; in conſequence of which 
trial the Board gave him C. 500,' to enable him to 
make two other watches. The minute of the 
Board is as follows. * 1ſt March, 1777, the 
< Aſtronomer Royal reported to the Board, that 
ee the watch made by Mr. Mudge, which has 
e been at the Royal Obſervatory for trial, in con- 
e ſequence of the reſolutions of laſt Board, ha 
* gained in 20g days only 1079“, and that it is 
“ greatly ſuperior in point of accuracy to any 
l which hath come under his 
inſpection; and, the Board underſtanding that 
„ Mr. Mudge hath an intention of making two . 
* other watches of the ſame kind, in order to 
* endeavour to obtain a greater degree of per- 
'* feftion, provided he can have ſome aſſiſtance 
from them to enable him to do fo; "Reſolved, 
* in conſideration of the very favourable report 
„given by the Aſtronomer Royal, as above 
* mentioned, that a letter be written to the Navy 
Board, deſiring them to cauſe J. o to be 
* advanced to the faid Mr. Mudge, to enable 
* him to e ®aortog watches accords 
« ingly.” “ 
On the 7th of June 1977 oh Board cola 
chat a letter be Written to the Navy Board for 5 


— 
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paying "Mr. hr. the C. zos ordered by the, 
| * Board. 
The trial Ea & che firſt N was 
amn carried on, and fortunately without any 
ſiniſter event, for the ſpace of about fiſteen 
months, from Nov. 11, 1776 (when it was 
redelivered after the main ſpring had been 
©, mended) to Feb. 16th, 1778, when the watch 
ſtopt. The remark of the regiſter is, « Watch 
e ſtopt. Hands as follows 5® O 47 16“ 2, 
e whenceit appears to have ſtopped yeſterday Hon 
« after it was compared, but I cannot aſſign any 
4 reaſon for its doing ſo. G. G.“ [The initials 
of che name, and the whole in the hand- writing of 
| Mr. George Gilpin, my aſſiſtant at that time.] 
The next remark in the regiſter is, Mr Dutton 
* came down to examine the watch, and ſet it 
e going again; he found nothing to appearance 
« out of order; ſet it going again.” Two days 
after, viz. on Feb. 24, it is noted in the regiſter, 
« After I had wound up the watch I heard a noiſe 
ec jn it, as though ſomething catched, and preſently 
« | diſengaged itſelf and catched again, forthe ſpace 
4 of three or four minutes, when I heard no more 
« of it.” Afterthe compariſon of the watch with 
the clock next day, Feb. 25th, there is this re- 
mark. This day the watch loſt a ſecond during 
ce the time of winding it up.” The next day, Feb. 
| 26th, afterthe compariſon with the clock,the watch 
"O's 5 


x, „ 

ſtopped; the note in the regiſteris, Watch ſlop- 
«ped; hands as follows; 5 2" 23/49" 3.” All 
theſe remarks are in the hand- writing of Mr. 
Gilpin. Nothing is mentioned in the regiſter of 
the cauſe of the final ſtopping of the watch: Mr. 
Dutton attributes it to the ere kee the 
two main ſprings which are in the watch. 

The daily rate of this watch had been e 
accelerating, This was the caſe in the firſt trial of 
it from Dec. 14th 1774 to March 13th 1775, 


when the main ſpring broke at the end of the 


time; its daily rate then was quicker than at the 
beginning by 4. In che ſecond trial, which 
commenced Nov. 11, 1776, and laſted 18 
months, the rate became gradually accelerated 
from keeping equal time at the beginning, to gain- 
ing 8 6 eee e e 
177, or by 8% 6. 

It may be er to ae ah diva my 
firſt and ſecond trials of this watch, it was 
depoſited by Mr. Mudge with, Dr. Hornſby at 
Oxford for 4 months, from June 20 to Oct., 31, 
1776. The printed account of its going during 
this time was preſented to me formerly by Count 


Bruhl, together with my regiſter of its going from 


Nov. 11, 1776, to Nov. 30, 1777, and one of his 


own from April 18, 1780, to May 7, 1781, Who 
faxoured me with a copy of it, according to his 


F2 


” Th 
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uſual politeneſs, and that reciprocal mn 
tion of aſtronomical matters which has paſſed 
between us. According to this regiſter; its daily 
rate was accelerated ſrom firſt to laſt by 1“ 4, it 


loſing about 1 f a day at firſt, and keeping 
equal time at laſt· Eleven days afterwards it was 


brought to the Royal Obſervatory, and its rate 
then was the en its i . Drind. 
keeping equal time. 2 75 
Having now done ab Wee of ua fiſt 


watch, I proceed to-that-of the two others, called 
Green and Blue, from the colour of their caſes, 


which Mr. Mudge-undertook to make in conſe- : 


_ quence of the reſolutions of the Board of iſt March 
1777, to give him . 500 to enable him to make 
them, which ſum muſt, according to the terms of 
the Longitude Act be deducted from the great 
rewards, if he ſhould hereafter become entitled 


to any of them, and was given to him, as an 
indemnification of his time and: e ge on La 


ſhould not ſucceed. 


LTheſe two 8 were 9 N 0 
the Royal Obſervatory on April 20th, 1779, and 


r into __” tranky om, and eee | 


Ea Fo 


| . * On the 28th Me 10 . to a . note 


of my own, I repreſented to the Board that Mr. Mudge 1 in- 
tended to ſend two watches to be tried at wy Royal Obſerva- 

5 * time. 
Mr. 


— 


* 


T Tn 1 
Me. Dutton came down and took then away. 


The rates of both theſe watches were gradually: 


accelerated. That of Green was loſing at firſt 
J, 7 in a day, and gaining 7 6 at laſt; the total 
variation of its rate being 11”, 3; and that af 
Blue was loſing 2”, 8 in a day at firſt, and gaining 
15, 2 at laſt, the total variation of its rate being 


28%; On the 15th of July 1780, according. hs > 
the minute of the board of that day, The Aſtro- | 


© nomer Royal having acquainted the Board, 


& that Mr. Mudge had deſired to have his twW W 
watches from the Royal Obſervatory,” in 
e order to make ſome obſervations upon them, 
he was told, "i. Board. had Meh 


cc thereto.” 3 

On the igth July 1783 Pi mand of 1 
Board expreſſes; that © the Board having under - 
e ſtood Mr. Dutton was attending, he was called 
ce in, and produced two watches from Mr. Mudge, 


& which he deſired might be tried at the Royal 


«© Obſervatory. Reſolved, that the Aſtronomer 


e Royal be deſired to receive the ſaid watches 
et under his care, try their rate of going, and 


report the reſult to this Board. Theſe 
watches were thoſe called Green and Blue, 
which had been tried before in 1779 and 2780. 
They were accordingly brought down to the 
Royal Obſervatory on July 21, 1783; and put on 
trial in the tranſit room, as beſorſrmqa. 
et 5 Both 


q * | 
=. 1 8 
Fee e „ eee 
- except once on May 18th, r 
don through neglect of winding up, and it is 
aſeertained by a note in the regiſter, that they. 
2 both took 7 tums of the key to wind them up. 
They were ſet going again, and neither of their 
| rates of going was altered by this circumſtance. 
The watch called ee eee 


| — lar ih be dee of bing being 
5 2 on December 31ſt, 1783, and the greateſt 
"rate: of gaining being 4% 3 on 26th February 
17843 the total variation of rate being * 5. 
The tendency to gain in fine prevailed; at the 
end of che trial, on September 12th, 1784, the 
| rate was that of gaining 2“, 7 per day, or ſo 
5 eee mmencemer * 
P 
about a ſecond a day. It ſoon went at a faſter 
We, e eee eee - 
duati ns of going ſlower, it had in- 
creaſed its rate of going to 8 a day, on the 286 
Dy | of Auguſt 1784: its greateſt rate of loſing was 
5 243, on Auguſt 3d, 1783; the total variation of 
rate was therefore 9“, 5, which happens to be 


: þ 


che end of the trial, on Se 
"was gaining 5”, 4 in a day, or 4 4 more than 
at the beginning of the trial. | 
On the "24th of Auguſt, 1984; T made my 
report of the going of theſe watches to the Board, 
and of their total errors, as expreſſed in the fol- 
lowing minute of the Board. The Aftronomer 
Royal delivered to the Board an account of the 
t rates of going of Mr. Mudge's two watches, 
from the 5th of March laſt, to the 21ſt of 
« Auguſt, [the account of their rates for the 
time preceding had been delivered in at the 
« Board of 6th March: ] alſo calculations of the 
total variations of theſe two time-keepers, from 
« the 21ſt of July, 1783, to the 21ſt of Auguſt, 
« 1784; by which it appears, that the watch dif- 
tinguiſhed by the appellation of Green, varied 4 


, 25% in the ft 6 monte begining 
7 | « 20th Auguſt, 1783, 
7 LEY 6, in the Senad 5 ee 
oth February, 17843 
ene enn 
| ** lation of Blue, varied | 
2 55 43”, in the firſt 6 months, b. 
| ce the 20th Auguſt, 17833, - 
* 8 11 4 in the ſecond 6 months, beginning 
: 22 20th February, 1784 


-« and _ 


if \ * 7 


* 


| u and thee their rates of going are not therefore 
ent enough to merit the great reward given 
* by act of parliament.” I muſt here obſerve, 
that the rates of going, which I made uſe of in 
ö theſe calculations, were taken from a mean of the 
Tates of going during the firſt month of the trial. 
The Board agreeing with this report, I finiſhed | 


2 . the trial of the ans ere ue 12th fol- 


4 14th. 

1 A „ 
who. had been Mr. Mudge's partner before- his 
retirement from buſineſs, and ſince his ſucceſſor, 
a5 J had been ufed to do; who. informed me of 
Mr. Mudge's employing himſelf at Plymouth, 
whiter. he had retired, in making further cor- 
rections to theſe two watches, in order to render 
them more perfect; at which I always expreſſed 
my ſatisfaction, and good wiſhes for his ſucceſs. 
Some time between the meetings of the Board of 
Lofigitude of 12th July and 29th November, 


1788, Mr. Dutton informed me that he had re- 


' ceived the two watches back from Mr. Mudge, 
with the corrections made to them, and wiſhed 
me to take them from him, and try their going 


Denn at the Royal Obſervatory. © T told him I 
did not think it proper for me to put the watches 


again upon trial at the Royal Obſervatory, with- 
out tie previous approbation of the Board of 
Ys, Longitude, 


1 


Longitude, but that I wouId 1 0 


the Board at the next meeting which I did accord- 
ingly, as appears by the following minute. 
„ 29th November, 1788. The ee 


® Royal then informed the Board, that Mr. Mudge 
e had made ſome corrections and improvements 
to his watches, and wiſhed. another trial might 

be made of them at the Royal Obſervatory at 
“ Greenwich. The Aſtronomer Royal was deſired 
te to receive the ſaid watches into his charge, try 
4, weir fare of going, and report the reſult tothe 


c Board.“ 


. maches ware heoagha denn tp | 


we Royal Obſervatory, and depoſited in the 


tranſit room, about 7 months aſter, on the 22d of 
June, 1789; but, on account of an alteration 


made to the pendulum of the tranſit clock, the 


trial did not commence. till two days afterwards. 


They continued going uninterruptedly till 224 


January, 1790, when they were ſound ſtopped. | 


The regiſter recites: On going to wind up the 
©« watch Green, found it ſtopped, the hands point- 


© ing at 1“. 9“ This was at 200, 260 per-tran- 1 
« fit clock. I am not conſcious of having neg- 


« Jefted winding it up yeſterday noon. I am 


8 certain, from a particular circumſtance, of hav- 
« ing wound it up on - - Wedneſday the 20th,” | 
This is in the hand- writing of my aſſiſtant, Mr, 


John Croſiley. There is a like remark about the 


a, 
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hands pointing at o, 56. There is a note to both, 


written by myſelf; © it ſeems to have ſtopped for 


er want of being wound up on the 21ſt. Conſi- 
deͤecrring theſe circumſtances, and that Mr. Mudges 
_ firſt time-keeper had ſtopped twice without any 
apparent cauſe for its ſo doing (for I do not allow 
that the carrying it upſtairs to the great room was 
the occaſion of its ſtopping the firſt time) and that 
Mr. Kendab's firſt time-keeper, made exactly aſter 
the model of Mr. Harriſon's, had alſo ſtopped after | 
going 22 months, without any injury done to it, or 
neglect of winding up, I did not then think myſelf 
authorized to fay abſolutely that the two watches 


: ſtopped for want of winding up, eſpecially as the 


 affiſtant, who ſhould have wound them on the 21ſt | 
January, could not affirm it, and no notice Was 5 


taken of the number of turns uſed to wind them uß 


on 22d January. On the 26th, or four days aſter- 

wards, Mr. Dutton came down, and on my aſking 
him how long the watches would keep going with- 
out winding up, he told me 36 hours; conſidering 
this, and that both watches were found alike ſtopped, - 
I have no doubt now, that the ſtopping aroſe from 

a neglect of winding up. When the daily rates came 
to be copied out of the regiſter, the expreſſion ob- 
Jetted to by Mr. Mudge, p. 33 of his pamphlet, 
« it ſeems to have ſtopped for want of being 
1 * wound up,” was copied alſo, and it did not then 
58 1 . nne | 
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inclined to the watches, as Mr. Mudge inſinuates, 
I ſhould have made no remark at all to explain 
the cauſe of their ſtopping. - No conſequence was 


ne time-keepers from this 


2 ** being found- ſtopped, I ſet the watch 
Green in motion, by giving it a circular motion in 
the plane of the balance; but did not ſucceed to 
ſet the other in motion in the ſame manner. On 
the abth Mr. Dutton came down and opened the 
watch, and ſet it in motion, from which day the 
trial goes on as before, without any interruption 
till the agth of June, 1790, when the year of trial 
was completed, allowing five days more of trial, 
on account of te five- days md the al 
having ſtoppet. 
an The watch Gadd: an 
trial, June 24th, 1789, was loſing about 17 a day. 
— with conſiderable regularity 1 latter end 
of October eee. Its rate then became gra · 
accelerated; —ůů — | 
—— gaining in a day; on January 21ſt, 
1790, it was 4“, 86 gaining in a day; on March 
214t, it amounted to 54, 68; which was its greateſt 
gaining in a day; it then decreaſed, and on June 
27th, two days before the end of the trial, it loſt 
3-09 in a day, which was its greateſt rate of loſ- 
ing. The ſum of theſe two laſt rates of oontrary | 
N 0 WS bind 
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On the -24th- January, two dss 


| eee Baton 


Ds ca. 


Kinds % , Geb wenden ü the . Aber 
the end of the trial it was loſing 3“ 4 day, or g- 


5 trial. e TH! £970 6605115 | 
_— mus) Joſt 2% 95 on he 250. of 
June; "the fiſt day of the trial. In the beginning ; 
of November it kept nearly equal time; on De- 


dember "tft; it gained 1 6 in a day; January 


| = 1790; it loſt 14, 78 in a day; April 14th, 
it got 2537, and June goth, it loſt 1% 53. The 
Mm of 2 95; the greateſt loſing, and 2% 3), the 

 preateſt gaining, makes 5d, 32, the rotiwarkerion 

of the daily rate. On June agth, 17905 the laſt 
day of the trial, ĩt loſt ol, 37, Which is a rate 20 68 
faſter than the rate 27, 95 of loſing, on June 2 5th, 
1789, the firſt day of the trial. The rates of theſe 
| watches have accelerated upon the whole during the 
s/ but 1e&"in the ſecond trial than in 
the firſt; the watch Blue alſo accelerated in the 


TS - 


—  third*tral; but leſs than before: — 


Green retarded its rate, this time. FOI 
1 édelivered in the rates of going of the e wate 
to the Board, on Auguſt "T5tly/ nes, Match 6h; 

e 5th, and Iaſtiy Jecember” Ath, 1790. 
en — Board ve Js 
Fth, 1990, preceded June 29th, the end of the year's 
trial, by 4 days. Thad deferred making out the cal- 
eulations of the going ok the watches in the ſecond 
1 Oy" TNT "Nm 
| wed 
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Seattinls having bees re ben 
within the greateſt limit of exactneis required by the 
act of parliament, and ſeeing nothing by a general 
inſpection of the ſubſequent daily rates contrary 
to their having gone equally well in the ſecond 
6 months, I ſuppoſed they might have gone with 
in ſome of the limits for the whole year; and aa 
chat, if it ſhould prove to be the fact, would lead 
to a further trial of the watches of a diffrrent kind 
to the former, and conceiving it fair to give them 
the advantage of being cleaned previous to ſuch 


| farther trial, I thought it right to mention my 


opinion to the Board, in theſe terms, that I be- 
lie ved that one or both of the watches: might be 
quired by the act of parliament, but could not he 
ſure, not having completed the calculations; ande 
propoſed to che Board to give Mr. Mudge the 
opportunity to clean his watches, previous to any 
furcher trial they might undergo, that no time 
might be loſt if ſuch an event ſhould tale place. 
The following minute of the Board agrees Win 
this account, in which nothing appear of m 
opinion founded on conjecture, as it would have 
been if an abſolute report had been made 
and which is generally in writing, on the ſuhject. 
te The Aſtronomer Royal made a further report 
upon the rate of going of Mr. Mudge n u 
& watches, and at the ſame time inſormed the 


Board, that the year of trial directed by a&.of 


U parliament 


1 75 —— 


1 4 1. 


biene to be made of them 
. Obſervatory at Greenwich, was 1 near expiring. 
The Board were, thereupon, pleaſed 
. — n 
1 ſecretary ſhould acquaint Mr. Mudge, that the 
report from the Aſtronomer Royal, upon the rate 
* 3 ane would be taken into 
er. 9 iin | 
be mean while Wem to have them return- 
previous to their un- 
3 nee as the Board may 
Tales, he is to make application for them to 
the Aſtronomer Royal. The report upon the 
rn watches, men- 
tioned in the minute, is nothing more than the 
daily rates of the watches then delivered in, with- 
out any further concluſions deduced from them, 
1 mentioned to Mr. Dutton alſo, ſoon; after, in 
the ſame terms, my opinion about | the watches, 
which he allows to be rightly repreſented. I 
nge iat all; mentioned; eee to-any 
body elſe. 
88 eee de 
Board, Sir Harry Parker, the Secretary to the 
Board, wrote a letter to Mr. Mudge, informing him 
that my report of the going of his two watches 
would be taken into conſideration at the next meet- 
! bn would in kia marches | 
dee ene. from 


[41 | 
from the Royal Obſervatory, and clean them, if he 
thought fit, previous to their undergoing ſuch fur- 
ther trials-as the Commiſſioners of CR hh may 
direct; which heafterwards declined.” 


At the meeting of the Board, dal Decem- 
ber, 1790, I gave in a written account of the rate 


of going of Mr. Mudge's two time-keepers dur- 
ing the whole twelve-month's trial at the Royal 


Obſervatory, with my calculations of the-errors ; 
of the watches in the ſeveral periods of fix . . 
months contained between 24th July 1789 and 


29th June 1790. The rates of going made uſe- 
of in the calculations were deduced from a mean 
of the daily rates of the firſt month, according to 
my uſual method. The errors in the ſeveral 
periods, as mentioned in the CO were as 
follows : . . 
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3 
Upon which the Board refolved unanims ouſly, that 


as the faid time-keepers had not gone upon the 
twelve-month's trial, with the exactneſs required . 
by the act of the 14th of the preſent King, the 


Is, 


of them. 10 — 
Mr. Mudge preſented a memorial to the Bo 

at their meeting June 11th, 1791, as follows : ey,” | 
To the honourable the Commiſioners — 
W Longitude. 185 

The kerl of Mr.” Tb 
„ Mucdge, watch- maker. | 
— Your nijemoriatt begs leave to ſolicit the at- 
« tention of the honou able Board to the time- 
* keepers he has conſtructed for the diſcovery of 
te the longitude at ſea, and humbly hopes,. that 
15 though, during the time of their public trial, 
« they have not been adjudged to go within the 
« limits preſcribed by act of parliament, 5 
this honourable Board are of opinion 8 
« ſuperior to any that have hitherto been invent: 
« ed, and are conſtructed upon ſuch principles 
„as will render them permanently uſeful; and 
« therefore, in conſideration of their utility, and of 
« your memorialiſt having induſtriouſly employed 
« near twenty years to bring them to the perfec- . 
« tion they poſſeſs, he truſts that this Boe 
c Board will exerciſe the powers veſted in them 
6 by parliament, and will give to your niemorial- 

H llt, 


Board were not authorized tc to order further trial | 
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ON 50 3 
; iſt, upon -making 2 diſcovery of- the a 


| YM upon 5 his time · Keepers are conſtructed, 


ſuch a ſum of money as his invention and great 
e Jabours ſhall to this e Board appear 


©. to deſerve. 


& And,as additional — og to the regiſter of 
« the, Aſtronomer Royal of the goodneſs of the 
i * rate of going, of your memorialiſt's time- 
© keepers, he begs leave to preſent herewith a re- 
« giſter of their going for near ſix months paſt, 
e during which time they have been in the poſſeſſion 
 « of Mr. William Dutton; and he alſo begs to 
* add, that the firſt time - keeper made by him 
e has been now going for upwards of ſixteen 
4 years, during which period it has been in the 
e hands of the Aſtronomer R oyal, Dr. Hornſby, 
& his excellency Count Bruhl, the late Admiral 
Campbell, and other gentlemen of great re- 
« ſpeCtability ; and, from the time it was com- 
<« pleted to the preſent time, it has gone with 
.« ſuch an uniform degree of excellence as evi- 
"ve dently to make it appear, that the principles 
ce upon which your memorialiſt's time - keepers 
et are conſtructed, art permanent in their na- 
cc ture.” 
Altho' the Board had eee at their 
meeting 4th December 1790, that the watches 
| had not gone within the limits of exactneſs re- 
' quired by the act of the 14th of the preſent king, 


; ' 


v1 


order further trial of n (obich — was to 


Mr. Mudge's becoming intitled to ſome of the 


ſpecific rewards appointed by the ſame act of 
parliament) yet they had a diſcretionary power, 


OOO NEON to give leſa 


rewards for inferior ments as they 


ſhould think propef. The Board did not chuſe 
to exerciſe this diſcretionary power in the preſent | 


inſtance : nothing to explain the motives that 
might guide their opinions in not granting this 
favour to Mr. Mudge is put on the minutes. I 
apprehend, however, that the principal circum- 


ſtance, which prevented their acceding to Mr. 


Mudge's wiſhes, was their not allowing the prin- 
cipal allegation of the memorial, not being of opi- 
nion that theſe time-keepers are © ſuperior to 


« any that have hitherto been invented, and ate 


* conſtructed upon ſuch principles as will render 
ec them r uſeful.“ It was mentioned 
at the Board * that other watches had been 


made, by other watch-makers, ſuperior to Mr. 


« Mudge's; for inſtance, one made by Mr. 
© Arnold, tried at the Royal Obſervatory for the 
« ſpace of 17 months, in 1779 and 1780, above 
« 10 years ago, and at the very time when Mr. 
« Mudge's two time-keepers were firſt tried alſo 
« at the Royal Obſervatory 3 another made by 
cc Mr, Arnold, and tried by Mr, Everard at 
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„ Linn, for. the ſpace. of 4 years 1 

« from Nov. lich 1785 to March 25th 1790; 
and one made by Mr. Emery, and tried by 
'* Count Bruhl, for the ſpace of 141 months, in 
4 1784 and 1785, Aan for te foes of 15. 
1 165 months, in 1788, 1789, and 1790; that Meſſ. 
e Arnold, Earnſhaw, and Emery, ſell time- 
à keepers at moderate prices; that ſeveral other 
4 perſons make watches of this kind, which are 
* well ſpoken of, but whoſe goodneſs has not 
ee been as yet ſo well aſcertained as thoſe of the 


| « three perſons above mentioned. That if the 


« Board was to purchaſe Mr. Mudge's two 
e watches, with the ſecret of their conſtruction, at 
« the. propoſed price of C. 2000, they would give. 
«, a decided preference ta Mr. Mudge's time- 
8 keepers above thoſe of others, which would be 
s doing injuſtice to others who had made as 
e good, or better, and would moreover bring 
i er claimants on the Board for the like remu- 
nerations, which the Board might not think 
; OTE authorized to grant, and yet not 
«, know. how fairly to refuſe; and that Mr. Ar- 
& nold, in particular, in a late publication, has laid 
< in ſuch a claim on this very ground. Theſe ob- 
ſervations had doubtleſs their weight in determin- 
ing the judgment of * Commiianers n * 
yy JO" 8 ee 


; phi 


(1 


HAVING now ſtated the facts relative tithe 
trials of the time-keepers, and the deciſion of the 
Board upon them, I ſhall make my remarks on 
the principal paſſages in Mr. Mudge's pamphlet, 
to confute the miſtakes in facts, to explain the 
miſrepreſentations, and juſtify the propriety of the 
mode of calculations which I have uſed in in- 
ferring the errors of the watches in different 


pamphlet, goes out of his way to ally his cauſe 
with Mr. Harriſon's; tells his readers that Mr. 
Harriſon, contending with all the oppoſition Dr. 

Maſkelyne could give him, obtained the reward 
of C. 10,000, and, upon petitioning parliament, gat 
the remainder of the . 20,000.—1I made no other 

oppoſition to Mr. Harriſon than the reſt of che 
Commiſſioners did, in order to ſecure to the public 
the full diſcovery of the principles and conſtruction 
of the watch: as ſoon as he had done this, they 
granted him their certificate to enable him to re» 

ceive as much as, with what he had received before, 
on- his return from his two voyages to the Welt 
Indies, made up the ſum of C. 10, ooo. He put it 
out of the power of the Commiſſioners to grant 
him the ſecond {. 10,000 by not complying with 
the terms of the Act, which required him to pro- 
duce two new time-keepers, and ſubmit them to 


Iu 


"Hei? ele a the BUT Boil think pro- 
Per, to enable them to judge wh ther the 17521 
; was generally uſeful and practic ble. 

Mr. Mudge's firſt charge apainſt me is, that 7 

am biaſſed by a pecuniary intereſt to wiſh ill to 

mechanics. His words are theſe (ſee note page 4 

of his narrative) © Dr. Maſkelyne is particularly 
<c intereſted in the improvement of theſe tables 

the various aſtronomical tables in uſe for the 

r (diſcovery of the longitude] for the conſtruction 

e of which he receives from time to time conſi- 


& derable ſums of money from the Board, and 


« which, he flatters himſelf, he ſhall be able to 
Bu bring to ſuch a degree a en WG. 
title him to one of the ſpecific rewards offered 
« by the Act. He therefore, of courſe, cannot 
« wiſh well to the mechanics who are candidates 
er for the ſame prize, it being his intereſt to have 
« as few competitors as poſſible.” In anſwer to 
this, 1 ſhall ſhew that Mr. Mudge proceeds in- 

tirely upon a miſtake. I am not particularly 
intereſted in the improvement of theſe tables; 

I never received or aſked for any money for the 
conſtruction of them. The mathematicians who 


may endeavour to improve the lunar tables, and 


the mechanics who may endeavour to improve 
time-keepers, cannot be candidates for the fame 
prize; for diſtinet rewards are offered for theſe. 
ſeparate 


7&1} 


ſiparate improvements, by the act of the ht 
his preſent majeſty, differing in that particular 
from the original longitude act of the 12th of 
Queen Ann. The ſums of money which are 
paid to me by the Commiſſioners: of the Navy 
from time to time, by direction of the Board of 
longitude, are impreſted to me, upon account, to 
pay the computers and comparers of the calcula- 
tions of the nautical almanac: I pay them the 
whole, and produce my vouchers, and paſs my 
accounts for every farthing of the money I receive, 
in the ſame manner as other perſons do who 
receive money from government. Neither do I 
receive any advantage from the ſale of the nautical | 
almanacs, or other publications of the Board. In 
proof of this, I here adduce the minutes of the 
Board of Longitude. _ - 
e 3d March, 1792. The . Royal re- 
3 preſented to the Board, that he had been reflected 
| « upon in a pamphlet publiſhed by Mr. Thomas 
« Mudge, jun. as being particularly intereſted in the 
10 improvement of the various aſtronomical tables 
« in uſe for the diſcovery of the longitude, and of 
« receiving conſiderable ſums of money from time 
to time from the Board for the conſtruction of 
* them, and requeſted the Board would, by ſome 
« minute or reſolution, vindicate him from theſe aſ⸗ 
te perſions; and that they would permit him to have 
12 atteſted copies from ſuch of the minutes of the 
| Bond 


„ «x 56 1 | 
« Bounds be might think neceſſary for kk | 
r juttification. | 
„ And ee Kr ub ue aue ts 
their cdnfideration, unanimouſly reſolved, That 
the Board Have never ordered gn. pci 
* paid or imprefted to the Aſtronomer Royal, for 
« the conſtruction or improvement of the tables 
above mentioned, ee but what 
bach been, and is expected to be regulitly | 
and punctually accounted for, without any benefit 
© or advantage whatever to himſelf, fo far as tlie 
e metnbers of the Board kriow or have any re- 
* fon to'beheve. 


E - „ KReſblyed, That the Secretary be directed 
= « furnifhthe Aftronomer Royal with atteſted copies 
v of fuchofthe Board's minutes as he may think ne- 
| . '« ceſſary for his juſtification, and that he may have 
< leave to publith the ſame, if he thinks proper.” 
\ Tue ertract of the act of parliament of the 
5 * of the preſent king, prefixed to every nau- 
©. tical almanac, will ſhew that the rewards appoint- 
ed for the improvements of the lunar tables, and | 
N timer kerpers, are diſtinct from one another. 
I ſhall now mention facts which prove me not 

otily to be no enemy of, but very friendly to time- 
keepers. At page 24 of my account of the going 

of Mr. Harriſon's watch at the Royal Obſerva- 
cory, publiſhed in 1767, by order of the Board 

of Longitude, after pointing out the errors to 

5 2 55 which | 


which Mr. Harriſon's watch is liable, I add, 
er nevertheleſs, that it is a uſeful and valuable 
invention, and in conjunction with the obſer- 
ec vations of the diſtance of the moon from the 
« fun and fixt ſtars may be of confiderable ad- 
et vantage to navigation.“ I have inſerted the 
following paragraph in the explanation and uſe of 
the Nautical Almanacs, p. 1 51, ever ſince the firſt 
of the year 1767: © If time-keepers ſhould be 
* brought into uſe at ſea, the apparent time de- 
*«. duced from an altitude of the fun muſt be 
_ © corrected by the equation of time, and the 
« mean time found compared with that ſhewn by 
« the watch; the difference will be the longi- 
tude in time from the meridian by which the 
de watch was ſet, as near as che wa can be de- 
00 pended upon.“ 
Another proof of my good Wt AW time- 
een may be found in my ready admiſſion ot 
innumerable time-keepers i into the Royal Obſer- 
vatory at various times, made by various artiſts, 
Meſſrs. Harriſon, Kendal, Arnold, Mudge, 
Coombe, Earnſhaw, Brookſbanks, in order to 
encourage and bring forward ingenious artiſts, 
and to aſſiſt commanders and other officers of 
ſhips going to ſea, by ſetting their watches with 
the meridian of Greenwich, or informing them 
of their difference from the ſame, and furniſhing - 
them with their daily rate neceſſary to enable 


TVET 


them to find the longitude in the — of the 
voyage. The Royal Obſervatory was founded 
for the expreſs purpoſe of finding the longitude 
_” by.help of the lunar motions; but I have foſtered 
| time: keepers no leſs than I have attended to the 
motions of the moon, as if the obſervatory.had been 
founded for one purpoſe as much as for the other, 
In particular, I have encouraged the introduction 
"FS of Mr. Mudge's watches to. the Board of Longi- 
_ -_ » tude, in order to their being tried at the Royal 
| Obſervatory, as. the hiſtory of the trials of his 
watches fully evinces. 
OS ol ahch-1 ode of Mo 
Mudge's firſt time - keeper in 1774, 1775, and 
1776, has nothing to do with his claim to the 
reward from the late trial of his two time- 
keepers, yet he has dwelt upon the, accident of 
its ſtopping, after it had been here two months, 
5 with moſt ſingular ſeverity towards me, and in- 
©  finuations both of improper management of the 
watch, and ungenerous motives to occaſion it. 
The drift of this appears to-me to be, as he could 
not ſhew any ill treatment of the other two time- 
| keepers during three trials, which altogether took 
up near three years and a half, to endeavour to 
make the ſtopping of this appear to have been 
occaſioned by deſign, and thence to lay a ground 
of ſuſpicion that the other watches might have 
been ill treated likewiſe, and thence invalidate 


my 


"= 

my account of their going. He fays, © his firſt 
ec time · keeper, inſtead of being kept in the room, 
« where the clock was, with which it was to be 
4 compared, was kept in a room on the other 


& ſide of a court, acroſs which, and up two pair 


« of fairs, ſorne of them fo ſteep as to reſemble 
&« x ladder, it was daily carried for the purpoſe of 

„ obſerving f its variation from the clock.“ This 
vas not the caſe, and I wonder how he came to be 
fo ill informed, or took fo little pains to inform 


himſelf better, eſpecially as Mr. Dutton could fo 


eaſily have given him the requiſite information. 


The fact is, as Thave related before, that the watch 


was kept in the great room, one cafy pair of 


ſtairs above the tranſit room where the clock 


ſtands, with which it was to be compared every 
day, I kept it in the great room, that it might 


bot expoſed to greater variations of heat and cold 


than if it had remained in the tranſit room, be- 
cauſe J thought a watch might be liable to un- 
dergo greater changes in a ſea voyage. To this 
I was prompted, and herein I was confirmed, not 


only by Mr. Mudge's former declarations con- . 


cerning Mr. Harriſon's watch having been ſub- 


jected to too little variation of temperature in the | 
tranſit room, and by his ſubmitting the trial to 


the diferetion of the Board; but alſo by a reſo- 


1 of the Board of Longirude, of 11th April, 
| 8 5 
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1767, reſpecting the trial of the two new watches 
which Mr. Harriſon was required to produce 
_ - agreeable to the act of parliament of the 5th of 
the preſent king,” * 11th April, 1767, In reſpe& 
L e to the mode offered by Mr. Harriſon, for the 
e trial of the two time keepers above-mentioned 
« when compleated, the Board was of opinion 
« the ſame would not be ſufficient, and. therefore - 
et reſolved upon the following mode in lieu there- 
et of, viz. that the ſaid time-keepers, when com- 
* pleated by. Mr. Harriſon, be tried together at 
ce the Royal Obſervatory, for the ſpace of ten 
46 ſucceſſive months, including the extremes of 
. natural heat and cold, and two months in the 
% Downs, under the ſame precautions of ſe- 
curing the ſaid time Keepers (under locks with 


. different keys, intruſted to different perſons) as 
were made uſe of in the voyage to Jamaica IF 


et and Barbadoes; that in caſe the natural heat 
e of the ſeaſon in the place where the faid time- 
* keepers ſhall be kept at the Royal Obſerva- 
e tory. does not ariſe to the degrees of 86, ac- 
<« cording to Fahrenheit's thermometer, an artifi- 


. cial heat be applied ſufficient to raiſe _ ther- 


e mometer to that degree. 

As to the ſtopping of the watch, I very 8 
queſtion whether it aroſe from the carrying it to 
and fro between the tranſit and great rooms, as 
Mr, * 100 not lan dat a per- 
5 | fon 


[ 61 +. 


ſon going up ſtairs; can make ſudden and quick 
turns ſufficient to ſtop the watch, and much leſs, 


when he proceeds with caution, as he would na- 8 


turally do in a caſe of this kind. But if I ſhould 
allow Mr. Mudge what he requires, that the time- 


keeper ſtopped from this cauſe, does he not ſay the 


worſt thing he could of his time · keeper, and what 
no other maker of time keepers, I am perſuaded, 


hd allow to be ſaid of theirs, that it is not fit 
or too delicate to bear motions which it muſt 


neceſfly be ſubjected to, in removing from 


one place to another, by putting into and 


taking out of poſt-chaiſes and boats, and car- 


rying up and down the ſides of a ſhip, which 


are indeed ſtceper. than any ladder, though the 


ſtairs, at the Royal, Obſervatory are not? How 


will it then bear the ſhocks of ſome ſeas, which 
ſtrike a ſhip on the quarter, and will give the 


watch a violent. motion in the pore of the ba- 


lance? 


J muſt here take notice o a 2 Goh of 


Mr. Mudge's, relative to Dr. Hornſby's trial of 
this ſame watch at Oxford, Mr. Mudge repre- 
- ſents that, © after he had compleated this time- 


te keeper, he put it into the hands of Dr, Hornſ- 


« by, Savilian profeſſor of aſtronomy at Oxford, 
* thinking it expedient that ſome public cha- 


e racter, beſides Dr. Maſkelyne, ſhould be ac- 


| quainted with its going. After Dr. Hornſby, 


"m0 © whoſe | 
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„ and man of ſcience are well known to the 
world, had tried it for four months, 8 
* which time it went with great accuracy, it 

& was committed to the care of Dr. Mafkelyne, 


= as Aſtronomer Royal, to be tried by him at 
« Greenwich ; but it was foon'found, that if the 


a ec time-keeper continued to go under his care in 


ec ſuch a manner as to deſerve the public atten 


tion, it would not be occaſioned by his rd | 


treatment of it, but becauſe it was not in eat 

«* matter to do it any injury.” And then Mr. 
Mudge relates the ſtory of the carrying the watch 

between the tranſit and great room in his manner, 
which” has been before adverted to. I have not 
the leaſt deſire to detract from the compliments 
and encomiums which Mr. Mudge has made on 
my brother aſtronomer, though invidiouſly- op- 
. . poſed to me, for I wiſh to add to his reputation, 
by exciting him by my example to co-operate 
with me in the cauſe of aſtronomy. The fact is, 
that Mr. Mudge's watch was firſt tried at the 
Royal Obſervatory for two months, from 14th 
December 1 774 to 10th February 177 5, when the 
fatal ſtopping of the watch happened; and again, 
aſter being ſet going by Mr. Dutton, for three 
weeks more, from 20th February to I 2th of March, 


15775, when the watch ſtopped again, owing to the 


breaking of the main - ſpring. T he watch was 
ED | then 


G " 
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then taken 3 Mr. 8 and after the 5 


main-ſpring was mended, and not before, it was, 
in the following year, put into the hands of Dr. 
Hornſby, who tried it for four months, from June 
20th to October 31ſt, 1776. Eleven days after 
this. it was-brought to the Royal Obſervatory, and 


tried here for 15 mònths, till 26th February, 1778. 


Mr. Mudge repreſents that it went with great ac- 
curacy with Dr. Hornſby, but if it continued to 


do ſo with me, it was becanſe-I could not do 


it an injury; and for proof of this, he gives the 
hiſtory of its carrying backwards and forwards 
between the tranſit room and great room, which 
happened near two years before, and. above a 
year before it was put into the hands of Dr. 
Hornſby; which I have explained before, and 
vindicated from Mr. Mudge's miſrepreſentations. 
When the time-keeper was returned to the royal 
obſervatory, after having been in the hands of 
Dr. Hornſby, it went at firſt at the ſame rate 
as it did with him before the removal, and 
aſterwards went full as regularly with me as it 
did with him; its rate indeed, being gradual- 
ly accelerated with me, as it had been with 
him; but my trial laſting 15 months, the acce- 
leration of rate became conſiderable with me, 
amounting to 8, and therefore the watch might 
ſeem to a ſuperficial obſerver to have gone worſe 
with me than with him, it having only accele- 
rated its rate by about 11 in the courſe of his 
x „rn © 155 14K. four 
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bs four ANGIE * My trial of ihe time-keeper | 


was put an end to by the watch ſtopping, which 
Mr. Dutton attributes to the breaking of one of 


the two main-ſprings which are in the watch. 


Mr. Mudge fates, that I informed Mr. Dutton, 
5 that the time · keeper ſtopped the firſt time two 
or three hours after it was wound - up, though 
upon Mr. Dutton's going to Greenwich to ſet it 
going again, upon obſerving the hour at which it 
had ſtopped, he found it to be exactly at the time 
of its being uſually obſerved. The note in the 


— regiſter ſays, the watch appears to have ſtopped 


won after it was wound up, agreeable to Mr. 
Dutton's remark. I apprehend Mr. Dutton has 
applied to the firſt ſtopping the information that I 
gave him relative to the ſecond ſtopping three 
_ _ weeks afterwards, by the breaking of the main- 
ſpring, which really happened two or three hours 
| after the winding-up. 

Mr. Mudge ſays, p. g, that « in ſpite of the 
Doctor's , wiſh, that the firſt] time-keeper 

2 ſhould not appear to have ſuch merit as to en- 

title it to the attention of the public, after it had 
te been tried by him for a conſiderable time, the 
« Board of Longitude, by way of encouraging 
<« him to make another, ſo as to become pro- 
ws en for the I JIE of 


298 Aa Go Gon Bruhl's nriaiged account 
of the going of the watch, in Dr. Harnſby's and my trials of 
„% deb thy N 
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ungrateful miſrepreſentation of the matter. It 
appears by what I have ſaid, p. 33, and by the 
minutes of the Board, that it was in conſequence of 
my favourable report of the going of this time- 
keeper, that the Board gave him C. oo, and that 
not to enable him to make only one but two more 
time-keepers, which he thought he moral —_ 
more perfect than the firſt. | 

As a farther proof that I was far from wi 
ee e Herd brig AIG 
but on the contrary was a zealous well - wiſher 
towards them, I muſt mention, that the plan of 
giving . 500 to Mr. Mudge, to enable him to 


make two more time-keepers, originated in a 


converſation which paſſed between him and Dr. 
Shepherd and myſelf (both Commiſſioners of the 
Board of Longitude) at his own houſe, a ſhort 
time previous to the Board of March ift, 1777. 
Upon his faying that he thought he could make 
other time-keepers „ 
we expreſſed our wiſhes that he would do it; 
which he anſwered, that it would be a lofs 50 bis 
family, if he ſhould make them, and not ſucceed 
to obtain the reward promiſed by a& of par- 
liament. We then aſked him what it would coſt 
him to make two more time-keepers ? he an- 
ſwered, . 400. or £.500; Tu which we told 
5 him, 


161 


kim, ve would mention it the. next Board, 

which we did accordingly. ' © 

From p. 9 to 12, and in p. ai Nudge 
peaks of che accurate going of his time - keeper 
in the hands of the Duke of Saxe Gotha, and his 
aſtronomer Dr. Zach, for upwards of two years, 
by vrhich the latter was enabled to aſcertain the 
longitudes of ſeveral places with a greater degree 


pl preciſion than had ever been done before; and 


alſo ſays that in two voyages to Newfoundland, in 


5 | 1784 and 1785, it was found by the late Admiral 


Campbell to go ſo well, as to determine the 
longitude to about one mile and a quarter upon 
te firſt voyage, and to. ſix. miles and an eighth 
upon the ſecond; which latter going was ſeven 


times more exact than that of the time-keeper 


made by Mr. Kendal, as a copy of Mr. Harri- 
ſon s, which during that voyage the admiral 
had alſo under his care; and that the admiral has 
repeatedly declared, that in his opinion ſuch 
time · keepers were capable of anſwering every 
c 

And he relates, that © the admiral, in his return 
cc from his ſecond voyage to Newfoundland, one 
evening, when near the end of the voyage, pre- 
„ difted-to. of the gentlemen belonging to 
„i fhip, they ſhould fee the Lizard the next | 
morning, which actually happened; and that 
ä going on all night at 


* con- 


— 


; | ; 
1 67 1 | 


“ and that the reckoning kept on board the 


« other ſhips fell very far ſhort of the reckoning 


. by the aſſiſtance of the time · 


— eee fiſt time- 


that it went better in the hands of other perſons 
than in mine, and thence to ground a ſuſpicion 


| that it had been ill treated at the Royal Obſerva - 


tory, and moreover to endeavour to invalidate 


my account of the going of the time · keepers at 
the Royal Obſervatory. This is a ſhort way of 
getting rid of long trials; but I muſt not ſuffer 


all the care and pains I have taken to ſcrutinize 


into the merits, as well as the defects of theſe 
time keepers, to be thus blown away by a ſide 
wind, and ſo many official obſervations of hm 
rendered-nugatory by ſuch-weak. pretences. . | 
The . tima-komper | 
from Dr. Zach's determination of the longitudes 
of ſeveral places by it, with a greater degree of 


preciſion than had ever been done before, appears 
to me abſolutely inconcluſive, and a maniſeſt ar- 


gument in a circle. I do not mean ta call his 


; obſeryations:i in queſtion, but I may, a om. be 
HINA K 2 allowed 


* bs er. the n k 


„ Keeper ene 
tc his“ 10 s 10 


Eeeper ku the anch of Dr. Zach and Admiral 
Campbell, ſeem to be introduced here to ſnex 


i 
| 
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ſolidity of his judgment, after, his miſtakes con- 
cerning the nautical almanac, which I have ex- 
priety to have ſettled the longitudes of places by 
the time -keeper, with a greater degree of preciſion 


accurate machine; ſor it can be only from a ſup 
poſition of the accuracy of the time-keeper, that 
it can be preſumed to have determined longitudes 
more accurately than they were known before; 
———ů—ů 
rmined longitudes accurately, that it can be 
| 
an aſſumption of the very thing in queſtion; and the 


other ſuppoſition, namely, that it has determined the 


longitudes more accurately than before, is 1 
tion of a thing without proof, and therefore c. 
afford no baſis to an argument for the merit of | 
time-keeper to reſt on. The time-keeper may have 
done more ſervice to geography, from this very 
circumſtance of its having ſettled the longitudes of 
places, which were not well determined before; but 
it might have done more ſervice to itſelf, I mean by 
eſtabliſning its own credit, if it had been applied 
o * over _—_ — 
| _ whic 


\ 


FI 6 ; 
which tad been mel fd before and had hve 


them agreeable to the former reſults. 
ies. Abe Coouipll any ea apbous 


© informed hy Un de whenyoung he Crüe 


acquaintance of the late Dr. Bradley, then Aſtrono- 
mer Royal, whowas the firſt of practical aſtronomem 
ſince the invention of teleſcopes, as Tycho Brahe 
was before*. From him no doubt the Admiral learnt 


many particulars relative to aſtronomical inſtru- 


ments, as well as the method of uſing them. Ac- 
cordingly, being a captain in the Royal Navy, about 


17.56, when Mayer's Tables were ſent over here for 
determining the longitude, he was fixed upon by 
the Logds of the Admiralty, as the propereſt perſon 
to make the neceſſary trials on ſhip- board, to en- 


mine whether obſervations, for this purpoſe, could 


be taken at ſea with the deſired accuracy. His 
obſervations were calculated by Dr. Bradley, 
by which it appeared that the neceſſary obſer- 
vations might be made with ſufficient exactneſs: 


obſervations, let me add, which are now happily 


well underſtood and practiſed, with the help of the 
nautical almanac, both in the navy and merchant's - 


ſervice. Admiral Campbell, having had fo conſi- 
an a ſhare: in Err . 1 
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had of finding the longitude to ade bb 
rice, cannot be ſuppoſed to have hola eh 
practice of it in his own voyages; in fact, he was 
furniſhed with Hadley's quadrants, as well as 
with Mr. Mudge's time-keeper, and uſed both 
methods, either as a check upon, or in confirma- is 
tion of 'each other, as might happen to turn out. 
The admiral was too wiſe to 6 
of the lunar method, which is am abſolute me- 
thod of finding the longitude, whenever loſt; 
whereas that by a time-keeper is only a mode 
of keeping the longitude” on from one known 
| place to another, or from that determined by a 
lunar obſervation to the next obſervation, or to 
ſeeing land. Being furniſhed with theſe two con- 
current helps, he might venture to predict that in 


the courſe of the night he ſhould get fo far up the 7 


channel, as to be in fight of the Lizard point the 
next morning, and knew that he ſhould run no 
hazard by going on at a conſiderable rate in the 
night, which is attended with no particular danger 
if the latitude is well known, not to mention that 
the Lizard lights may be ſeen at 20 miles diſtance 
In fair weather. This agrees with the note, p. 15, 
that he declared to gentlemen on board his ſhip, 
that the time-keeper. contributed very greatly to 
induce a confidence of his ſecurity, and that were he 
ever to go to ſ a again, he would never be w'th- 
out ſuch a time keeper, if it was poſſible for him 
OY Fs . to 


to obtain one... „„ 


duce a confidence of his ſecurity, implies he had 


another ſource of confidence; and what could that 
be but the lunar obſervations, he practiſed during 
the courſe, of the voyage, which at once correted 


the errors of bis common ſhip's reckoning, and 
ſhewed him what degree of an he 1 : 


place upon the time Leeper? 
The accuracy of the . 
gitude to one mile and a quarter in the firſt 


voyage, and ſix miles and an eighth in the ſecond, 
is indeed very ſurpriſing. No account is given 
whether any rate was allowed for the going of the 


time · keeper in theſe voyages, the want of which 
renders the reſult dubious, But I find by Count 
Bruhl's calculations of the going of Mr. Mudge s 
firſt time-keeper in the firſt voyage, annexed to 


three, regiſters of his pocket Chronometer, made 


by Mr. Emery, which he made me a preſent of 
long ago, that the longitude of St. John's was 
found in the going out to be 3". 17 

an evident erratum of 10“. is corrected) and 30. 


29-53%, 8 in the return, which differ only one 
ſecond each from thoſe mentioned in the laſt page | 
of Mr, Mudge's pamphlet; and in thoſe deter- 


minations no allowance has been made by the 
Count for the daily rate of the watch, which by 


Admiral Campbell's s obſervations, made at New- 


foundland between July 4th and October 24th, 
1784, printed with the above mentioned regilters, 


by 


% 7 (when. 
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but one of Mr. Mudge's pamphlet, was +0,” 94. 


Thisin'37 days, the length of the voyage out, makes 
34 7, which ſubtracted from hed 37”, 7 leaves 


_ the longitude of St. John's 3 29 3” by the voyage 


| out, or 41” leſs than the true longitude. The 


| fame daily rate in 26 days, the length of the 


voyage home, makes 24”, 43 which added to 


29 53" , b gives the longitude of St. John's 3 300 


18%, warn oy bone, or 340 greater than 


the true longitude, 
Thus the ee FLIP in the . 
e only w. iot miles, and not 


_ | to a mile and a quarter, as Mr. Mudge pretends. 


If perſons, who compare time-keepers, are to take 
the liberty to allow a rate of going to them, or to 
let it alone, according as it beſt ſuits their precon- 
ceived ideas of the longitudes of places, which are 
not all perfectly exact, tho ſet down in aſtronomical 
books from the beſt data that have yet been pro- 


cured, we ſhall wantonly throw away the means 


offered us of judging of the relative goodneſs of 


different time-keepers, or of correcting the longi- 


tudes of places, which in many caſes they may 
afford us opportunities of doing, when all the cir- 
- cumitances attending them are clearly and fairly 
# down. 

I hope this elucidation of the longirade of St 


John's given by the time-keeper, which I have 
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pers which Count Brufil had buried e with 
formerly, will ſhew the neceſſity of proper details 
being given, relating to experiments of this na- 
ture, and the inſufficiency of any general account 
of ſuch things; eſpecially where conſequences are 
attempted to be drawn of fo much 1 importance as 
Admiral cambelfs inference, © that the time- 
<« keepers are capable of anſwering every nautical 
« purpoſe that can be required of them: upon 
which Mr. Mudge ſays, immediately afterwards, 
er great weight ſhould be laid, on account of the 
«© Admiral's ſcientific knowledge and accuracy of 
* obſervation, for both which he was deſeryedly 
looked up to in the Navy.“ If the Admiral 
ever made ſuch a declaration, which I much 
doubt, he was probably led into it from theſe 


miſtaken calculations of the Count, . which he | 
himſelf was not anſwerable. . 
Is have no materials by me eee wa. 
amine the calculations of the longitude of St. 


John's, given by the time -keeper in the ſecond 
voyage, in which he ſays it did not go ſo well as 
in the firſt; which he attributes to the putting 
in à new ſpring, inſtead of the old one, which 
broke in the interval between the two voyages, 
and, there having been only a few days allowed 


for adjuſting the time · keeper, after its being taken 
to pieces and put together again, before it was 
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filling orders. 4 Upps un main 1 — 
here, which is indeed ſubject to break in all 
Watches, from its violent tenſion. As this has 
little to do with the exactneſs of the going of the 
wWoatch, it does not appear that the changing the 
ſpring ſhould render it neceſſary to re: adjuſt the 
watch, nor conſequently that the watch ought 
to have gone worſe in the ſecond voyage than in 
the firſt. He fays, however, that it went with 
ſeven times the degree of perfection the time- 
keeper made by Mr. Kendall, as a copy of Mr. 
"Harriſon's, did, which, during the ſame voyage, the 
Admiral had alſo under his care. For want of 
knowing all the neceſſary particulars, it is impoſſi- 
ble to form a proper judgment of theſe aſſertions; 
I muſt however correct one miſtake in them; the 
Watch, which the Admiral had with him, was not | 
that which Mr. Kendall made as a copy of Mr. Har- 
Nifon's, but the third he made for the Board of £4 
Longitude, and in which he had departed greatly 4 
tom the conſtruction of Mr. Harriſon's watch, 
tze eſcapement being of a different ſhape, and 
there being only one pallet, and that of ruby, 
inſtead of two of diamond, and no remontoir. This 
time keeper went three times worſe than that which 
he made as a copy of Mr. Harriſon's. Therefore 
Mr. Mudge's watch in the ſecond voyage went 
only about twice as well as Mr. Kendall's firſt 
timeskeeper, which was a copy of Mr. Harriſon's, 
J—_— to Mr. Mudge's own account, which 
5 however 
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W be admired as certain for want 

ol a ſtatement of all the circumſtances. * 
. After all, the run between England ind Mew 

foundland, which only takes up a month, is much 
too ſhort to afford any argument for the ſufficiency 
of the time -kceper to determine the longitude in a 
ſix month's voyage, within the limits required by 
the act of the 14th of the preſent king, which 
is the main point in queſtion. Neither does 
the reſult of the trials ſhew- that the watch 
went better than it did with me, during an equal 


ſpace of time; for by comparing its going at 


Greenwich, in four periods, of a montk each, be⸗ 
tween Nov. 11th 1776, and March 11th 1777, it 
appears to have varied / more in the ſecond period 
than the firſt, 24” more in the third period than 
the ſecond, and 24” more in the fourth period 
than the third. But this does not prove that it 
will always go ſo near; in fact, in the fiſth period 
it varied 52% more than in the fourth period. See 
abſtract of the going of this time N. IV. 
of Appendix. 
Mr. Mudge relates, p. 13,“ that the two new 
& watches, when completed, were ſent to Green-- 


e wich, and after they had remained there ſome ' 


« time, a greater variation having happened in 
« their going than was expected, his father had 
, them. away again, to adjuſt them with more 

accuracy. This being done, they were again, in 
10 the month of June 178g, placed in the hands ot 
L 2 = the 


Cblrentary from April-2oth 1779 to Joly . NS 
os de ſpace of fiſteen months, which conſtitutes 
becatne oui, accelerated, via. that of the 
watch Green by 11, and that of the watch Blue 
by 18"; ö on July 17th, 


t che end of the trials, when corrected according to 


the daily rates of the firſt forty-· one days, were thus, 
Green had gained 27. 524, and Blue had gained 
50. 23% upon mean time; ſee N* 5 and 6 of the 
Appendix. "Theſe watches, after their re-adjuſt- 
ment, were brought down again to Greenwich, 
on July iſt 1783, for a ſecond trial, and not 
in June 1789, as Mr. Mudge repreſents, which 
date relates to their third trial, he having choſen 
here to drop any mention of the intermediate trial 
of * 1793 and 1784, doubtleſs from an mil 


In the 86 of this trial both 3 their rates 
of going by g', 5; and their errors at the concluſion, when 
corrected according to the mean daily rates of the firſt month, 
were thus; Green had gained 9. 43", and Blue had gained 
r9.6".” In the trial of 1789 and 1790, the daily rate of 
Green varied by 9, and that of Blue by 5”; and their errors 
at the concluſion, when corrected according to the mean daily | 
rate of the firſt month, were thus; Green had gained 5. 1 
and Blue 8. 7%. But the greateſt error of Green was on 
May 6th 3790, and amounted * N 7-8, ; 
Wo 10 coaches | 6-031 

"Ingnef 
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Becel oletthe public know either that the time» 
keepers. required ſo.,many-trials to point out the 
errors they were ſubje& to, or the number of years 
neceſſary to correct them, in order tobring them to 
the relative degree of perfection they had attained in 


1789, after ten years from the commencementofthe 
firſt trial in 1779. Such were the advantages given 
to Mr. Mudge, by ſo many nice experiments on his 
time · keepers at the Royal Obſervatory, to enable 
him to gueſs at the ſource of their errors! and ſuch 
the fairneſs and kindneſs ſnewn him by the Board of 
ne eee n e ae 
for the reward! 

In p. 13, Mr. ee wee Fat 8 
A ber had amnpatt eels be perſuaded 
% Dr. Maſkelyne was a determined enemy to the 
« ſucceſs of the time-keepers, yet his ingenuous 
mind was ſo averſe to requeſt that to be done, 
&, which, upon the face of it, would manifeſtly 
* beſpeak ſuſpicion, thathedid notdefire, what Mr. 
* Harriſon, with the moſt perfect knowledge of 
ce the character of his judge, had wiſely requeſted 
« before him; namely, that a perſon ſhould be 
« appointed by the Board to attend at the daily 
« obſervation of the time-keepers, as a check 
* upon the Doctor, and that they ſhould be 
« ſcrewed down in the box in which they were 
s contained, to prevent any miſchief being done 
« by removing them from place to place, or put- 
82 3 them down with ſuch W 


14 1 


« of this nature are not” fitted to beste lr. 
Harriſon did not deſire the watch fhoüld be 
ſecurec in this manner, for he was not con- 
ſulted about this trial. Having always © ſpoken 
of the watch as a perſect machine, or very nearly 
6, he would have been indignant at the 
propofal, and not have choſen to have any thing 
to do wich it. The Board of Longitude ordered 
the trial, to obtain a better and more particular 
knowledge of the watch, for which the public had 
paid ſo much, than they could collect from the 


tttials that had been already made of it (a ſatisfuc- 


5 12 1 & 
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tion which they could not obtain while it belonged 
to Mr. "Harriſon, becauſe he would not ſuffer it 
to be tried at Greenwich, before it went on the 
| ſecond” voyage to the Weſt Indies, although he 
had onee' conſented to it) and to enable them the 
better to judge how to apply it to uſe. His future 
feward, the ſecond ten thouſand pounds, did not 
n the leaſt depend on this trial, but on the making 
two more ſuch watches, and ſubmitting them to 
ſuch trials as the Commiſſioners ſhould appoint. 
The mode of trial, which the Board of Longitude 
directed to be uſed on this occaſion, was grounded 
on a plan propoſed to them by the Earl of 
Morton, preſident of the Royal Society, and one 
of the Commiſſioners; and was intended to aſcer- 
tain the truth more fully againſt cavils, and for 
my ſecurity. See Ne 1 of the Appendix, the mi- 
nutes of the Board of April 26th 1766. 
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Will ons believe, that if Mr. Mudge had 
ben 1. was a determined enemy to his "36 
time-keepers, he, having a great object at ſtake, _ 
would, out of-falſe modeſty, have declined requeſt- 2 

ing thoſe ſecurities from the Board for the protec= i} 
tion of them? After the firſt two months trial of 1 
the firſt time-keeper, during which it ſtopt ſoon 5 | 
after it was wound up, which he attributes to the | 
carrying up ſtairs to the great room, an eaſy pair 
of ſtairs not above ten feet high, and which he 
has thought proper to dwell a great deal upon 
in this pamphlet, and to endeavour. to repr - 
ſent as ill treatment of the watch, and a prof | 
of ill intentions in me towards it, he did not 
deſire it to be locked up, on its being re- 05 
turned to the Royal Obſervatory; nor did he 0 
deſire the two other time- Keepers to be locked , 1% 
up, during their three ſeveral trials, as he owns © _ * 12 
- - himſelf; tho I propoſed it to him. Does not : 


this manifeſtly ſhew that he then thought his tine. 13 
keepers , ſecure without, as with. thoſe re- 1 
ſtrictions? - 12 
In the * Re e pages Mr. Mudge ; 3-3 
relates, that my report of the going of the time- | 
keepers at the Board of Longitude held in July, 3 
1790 [he means June, 1790] was ſo favourable, _ I' 


that it was declared directions ſhould be given alt 
the next Board to apply to the Admiralty. for a | 
ſhipin which they might be ſent to ſea, in further 
complance with the act; that I had ſeveral times 
| after 


tel 


Aer the year's trial had cloſed, ſaid that both the 


time Rerpers had gone within the limits of the 
akt; chat one of them had gone within the ſtricteſt 


Iimits" appointed by the act, and the other within 


ide moſt extended limits. Theſe are affertions | 


| Which it is out of the power of Mr. Mudge to 


prove. To whom did 1 ſay ſuch things ? I fid 


nothing Hke it to the Board of Longitude, nor 
to Mr. Dutton; whoſe. tfimony would oil 


have been brought againſt me, if I had. I have 
explained this matter in my hiſtory of the trials of 


| the watches, p. 45, where T have mentioned the 


extent of what 1 did ſay to the Board, and alſo to 


the watches might be found to have gone within 
ſiome of the limits required by the act of patlia- 
ment, but could not be ſure, not having completed 
the calculations. Mr. Dutton has acknowledged 


to me; that this is the extent of what I ſaid to him. | 


The watches having gone within the greateſt limit 
In the firſt fix months trial, and ſeeing nothing by 


Wir. Dutton, viz. that 1 believed one or both f 


a general inſpection of the daily rates to ſhew they 


had erred more in the ſecond ſix months, and wiſn- 
. Ing well to the time- Keepers, I was, from the prin- 


- ciple that we eaſily believe what we wiſh, led to 
believe they had gone within ſome of the limits 


- throughovt the period of the trial. I was induced 


to mention what I then believed, without having 
made the calculations to aſcertain the matter, out of 
* to Mr. * that he might take the 


advantage 


iv). 


; A of Hann 
further trial, as they might become intitled to, if 


my opinion of their good performance ſhould be 


verified upon calculation, and to fave; time, as 
the Board was not to meet again for ſix months. 
I ſhould have been very glad if the event had 


turned out ſo, and ſo I can anſwer would every 
member of the Board of Longitude have been. 


But numbers are obſtinate things, and when I 
came to complete the calculations, I was forced to 


acknowledge the watches had erred beyond all the 


limits required by the act of parliament. It Was 
never declared at the Board of Longitude, that 
directions ſhould be given at the next Board, to 


apply to the Admiralty ſor a ſhip, in which the 


watches might be ſent to ſea, in further com- 


pliance with the act. My folicitude for the 


watches being returned to Mr. Mudge to be 


cleaned previous to ſuch further trial, as they 
might be appointed to undergo, ſhews, almoſt as 
plain as any thing can do, that I was not then un- 
friendly to the watches, for had I not wiſhed well 


to them, 1 ſhould have ſerutiniſed m ei 


into their going before I ſpoke about them, and 


not have taken ſo much pains to ame e the 5 
cleaning them to Mr. Naudge, Proparannry'! * 


further trials. 


In page 15 Mr. Mudge acanſes me nab 8 5 


| withheld a copy of the Ne of the going of the 


5 M : > hes 


"1. 


due pen bm kim, till after he "_ of 
+ — next Board; by which time, he fays; T con- 
trived to make ſuch calculations from the regiſter, 
7 to make it appear that neither of them had 
gone within any of the limits of the act: and ac- 


cordingly, at a Board held in December 1790, in 


-  eonſequenice of my report, it was determined that 


no further trial of them ſhould take place. 1 | 


have certainly other buſineſs to do at the Roe 
Obſervatory, beſides trying and calculating the 
going of time-keepers, or copying accounts * 
them. Mr. Mudge, or Mr. Dutton for him, 
might, at all proper times, have come and in- 
ſpected the regiſters of the watches, and copied 
what they pleaſed out of them; the calculations | 
of the going of the time-keepers were not com- 
pleted long before the we of the Board, on 
the 4th of December 1790. I thought it beſt 
to delay giving Mr. Mudge a copy of the daily 
rates till I could add the other calculations to 
chem. I preſented one copy to the Board, on 
December 4th 1790, and ſenb another copy to 
Mr. Mugge a few days afterwards. If I con- 
_ trived to make ſuch calculations from the regiſter 
as to make it appear that neither of the watches 
had gone within the limits of the act, Mr. 
ws has employed a great many pages in en- 
| 3 them to be unfir and im- 


+ 5 


| Proper. 


ol 


| 2 — hi arguments on | 


' Anothercharge againit me, p. 18, is that ar the 5 5 


cloſe of the year's trial, on June 29, 1790, I did 
not continue the trial of them for five months 

longer that they remained at the Obſervatory. 

I know of no duty that enjoined me to keep 
the watches going all this time; and have no 
doubt, from the whole tenor of Mr. Mudges 
pamphlet, that if I had kept the watches going, 

and they had failed more than in the former part 

of the trial, he would then have ſaid I had 

— A ů Cap 

chat | might ke the chance ofttheir eee 

that additional ind.. 6 
Mr. Mudge from p. ebe eee 

with ſpecious arguments and artful repreſen- 


tations to ſhew that the method I have uſed _ 


of calculating the going of the time-keepers is 
unfair and improper: and to ſubſtitute one of his 
own inſtead, by which, as he ſtates it, the reſult 
will be very different, and according to which he 
ſays they will be found to have gone within the 
limits of the act. In anſwer to theſe repreſenta- 

chod of calculation, and juſtify the propriety of it, 
and ſhall then anſwer his objections, ſhew the 
nn of his method of calculation, 
„ M 


SE. | 
1 e Bada dnl ſerve his turn mike . 
1 8 and that it would have anſwered 
oO: pur * mam 
1 Thea — e mention of | 
a rate of going of >time-keepers ;- therefore the 
allowance of à rate is an indulgence, and the 
commiſſioners might either require the watch- 
time accurately, or to declare its daily rate by 
which he would abide during the trial of At; _ 
1 Zut it is certainly a more eligible way to de- 
1 duce the rate of the watch from its going during 
| iss trial, under the direction of the commiſſioners, 
1 chan to take it from the watch-maker's nn 
odr to require it to be aq;uſted perſect 
EE Se A 
under either to adjuſtat exactly, or to give its true 
mate of going, for want of the uſe of an Obſerva-- wh 9 
EF — tory, or a ſufficient! ſkillin deducing time from 
F © _ aſtrononucal obſervations. - Beſides it ſeems pro- 
. per that the commiſſioners ſhould know from 
what obſervations, and eee eee ee 
maaade uſe of was deduced. 
„ anccof eee Mood; Dame 1 
do conſider for what ſpace of time the time- Keeper, 
ought to be compared directly with the heavens.» 
by aſtronomical obſervations, or elſe with a 
_ * corrected by chem for this 
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purpoſe. The ſpace of me piep 0 | 
certain the rate ſnauld be long enough to pre- 
vent ſmall errors therein; ariſing from the una- 
voidable minute errors of the obſervations influ- 
encing the calculations of the going of the watch 
when extended to fix months, by more than a 

few ſeconds; and it ſhould not be very long, as 

35 4, 5, or 6 months, becauſe the 'time-keeper - 
may be liable to alter its rate of going in ſuch a 
length of time; therefore the rate ſhould be 
taken from ſome moderate ſpace of time, ſuch as 
the firſt month of the trial, as being moſt likely . 
to ſuit the ſubſequent going of the watch, and 

conſequently the moſt proper to be made uſe f 

on the occaſion. Another reaſon for uling a 
rate deduced in this manner is, that perſons going 
to ſea will ſeldom be able to get their time- 
keepers either finiſhed; or repaired by the watch» 
maker ſoon enough to be able to get trials made 
of -their rate of going ſor a longer time than a 
month; I have found by experience, that they | 
| have often been forced to be contented with a 
much ſhorter trial of the rate, and ſometimes only 


| of a few days. Therefore: the dedueing the 
rates of watches from the going during the firſt | 


month, in public trials at the Royal Obſervatory, 
in order to apply ĩt to their ſubſequent going, is 


analogous to the manner in which they are 


likely to be put to uſe when ſent on voy» 
i | = N | 3 ages 


— 


13 tho.” 


method, which is the main intent 


8 ug generally praRticable and uſeful, and ſufficiently 


wn 
1 * 1 
des to fea; hich fully proves the propriety ot 


een reaſon in favour of 'this 
y fair one, and therefore - 


whether the rate ſo reduced From the firſt month 


Fall be more or lefs favourable to the watch 


tian any other rate chat might be deem 
tlie trial of che watch. 7H 0525) 1 
Further, this method was 2 5 Wr 
vantage, that fromm a twelve months trial of a 
Watch, I could deduce the errors of the watch in 
tix different periods of fr months each, wherevy 


Parliament, and ſhould never be 


| according to the words of it recited in every 


Bautical almanac, which ordain that ſuch rewards 


un be dve and paid © fo ſoon as the faid com- 
— — or two thirds of them at the leaſt, 


"0 qo ergo man and voyages have 


erformed as aforeſaid, have 


at ſea within 


e determine the longitude 


"NT. nes afbreland, 8 ns» 


s. l 
At: 


[ ” F OR 
* = br dhe ess ef heme (ebe kiss 
© cloudy and hazy weather excepted).” 7 
' Laſtly, this method was long ago ſanctioned᷑ 
by the authority of the Board of Longitude in 
the caſe of Mr. Harriſon's ſecond voyage with 


his watch to the Weſt Indies, that to Barbadoes. 
The trial on the firſt voyage to the Welt Indies, 
that to Jamaica, had been rendered nugatory, for 


want of the rate of the watch having been pre- 


. viouſly ſettled by aſtronomical obſervations before - 
the voyage. Mr. Harriſon had never mentioned 
any rate of going of the watch before the 
voyage; yet, on his return from Jamaica, he 
claimed the allowance of a rate, which he de- 
duced from nine days obſervations of equal alti- 
tudes of the ſun made at Portſmouth, previous 
to the voyage, which however had been only 


made in order to compare the watch with the 


time of the meridian of Portſmouth, and by 
no means with a view to determine the rate 
of the watch, for which laſt purpoſe they were 
not judged accurate enough, or continued long 
enough, though abundantly ſufficient to deter- 
mine the firſt point, namely, how much the 
watch differed from the time of the meridian - 
of Portſmouth, and to ſet it thereby. Diſputes 
having ariſen about the allowance of a rate to 
the watch, between Mr, Harriſon and the com- 

milſioners, in y_ to _ OE matter the 


voyage 


7a, 19) 


PUT © Hb n It was 


In conſequence propoſed by the commiſſioners 


to Mr. Harriſon to ſend his watch to the Royal 
Obſervatory at Greenwich, to have its rate of 


going determined there by Mr. Bliſs, chen Aſtro- 


1 198 nomer Royal, by one month's compariſon with 


aſtronomical obſervations, before the voyage; to 


r 


; would-abide by in the voyage; which the Board 
_. agreed to. Mr. Harriſon deduced the rate from 
2 cornpariſon of his watch with the aſtronomical 


clock ſet up in a temporary obſervatory at Portſ- | 


mouth, and corrected by aſtronomical obſerya- 
tions made by Mr. John Bradley, nephew to 
Dr. Bradley, who was appointed to compare the 


. ö watch with the meridian of Portſmouth before Mr. 


Hlarriſon ſhould ſet out on the voyage to Barba- 
dauoes, as alſo to make obſervations of the raps, 


' of Jupiter's firſt ſatellite, correſpondent to thoſe 


that might be made by myſelf and Mr. Charles 
Green at Barbadoes, whither we had gone before, 


in order to determine the longitude of Barbadoes 


wich reſpect to Portſmouth, to be compared with 


What ſhould be found to reſult from the obſer- 
| vations we ſhould make of the difference of the 
time of the watch from that of the meridian of 


WINS, on its arrival there. See the minutes 
5 8 85 N of 


which Mr. Harriſon at firſt conſented: he aſter- 
- wards-however objected to it, and requeſted the 
© Board, that they would allow him to declare the 


- 
* * 
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of the Board of Longiryde, of Auguſt 1m 176 
and Auguſt ach 1763, rejatiye-to this matter. 
is obvious that whether the rate of the. W was 
ſettled, from a trial at .Greepwich, or by Mr. 
Harriſon from other obſcryations made at Port- 
mauth, though not communicated to the Board 
of Longitude, it wasequally a.rate ſettled from oh- 
ſervations previous ta the yayage. in order to be 
made uſe of in the ſubſequent trial. Moreover, 
I have generally made uſe of à rate ſettled in this 


manner myſelf, as appears from my reports to te 


| Hound of Longitude, concerning the three ſeveral 
trials of Mr. Mudge's to age and of _ 
Mr. Arnold's time-keeper, in 1779, in all which 

I made uſe of the. rate of going deduced from the 
firſt month of the trial, except in the firſt trial of f 
the two time-keepers, viz. in 1779 in which 1 
took the mean rate of the firſt fortyrone days; 


Principle of the method. wor 
I now. proceed to the „ 


| Mudge's objections to the method I haye uſed , 


which, howeyer, makes 8: kü ine l 


calculating the going of the time · Keepers, and o 


the method he propoſes. to ſubſtitute in its ſtead. 
His objections. to my method of calculation are, 
Unt it is unfair and arbicrary, and different from 


. that which 1 uſed in the trial of Mr. Harriſon's 


watch. I flatter myſelf, I have already, in ex- 
plaining 3 1 


455 


RN "It WE or arbitrary FI9 OY 
1 Wee act of parliametit makes no men- 
' *tionof a rate, and that the allowance of a rate fs 
a indulgence; that a rate deduced from a : 
months trial is abundantly ſufficient for uſe, —_ 
_ fubſequent trial of fix months, and pro- 
bab more favorable to the watch; and at the 
ſuame time better adapted to Practice, than a rate 
Adueduced from a longer ſpace of time; and alſo 
; that my method of calculation gives conſi- 
derable information concerning the nature and 
qualities of the watch, was ſanctioned long ago 
by che precedent of the Board of Longitude, in 
the caſe of Mr. Harriſon's ſecond voyage with 
5 Ke watch” to the Weſt 8 and has been 
daa uben bymyſell e 
But Mr. Mudge ſays, hit in calculating” the | 
=. ig of his watches, I have made uſe of a very 
© "different method from that which T uſed in tlie 
=_— trial of Mr. Harriſon's ;" that 1 there fixed upon : 
its going in periods of equal length, immediately | 
= Tucceeding each other, as the proper method of 
F,  _: determining its accuracy; and chat I ſhewed, that 


* — 
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1 *the difference in the going of a time-keeper, in 

” ' . _*fucceſlive periods of equal length, conſtitutes its | [ 
=: actual error; and that I fixed upon periods of 
= "=" weeks for Mr. Harriſon's watch, becauſe a 
Z Voyage of fix weeks was the time limited by the 
=... "of Qeen Anne en Which Mr. Harriſon 
3 (AS 5 3* . claimed 

li | = 


5 


daimed his reward. But as the preſent act has 5 
required the ſame degree of perfection in 
voyage of ſix months, as was before required for 


one of ſix weeks, as to his father's time · keepers i it 
became neceſſary to make the compariſon ber 
tween periods of ſix months inſtead of fix weeks; 
and that if the ſame! method had been uſed with, 
his watches as with Mr. : Harriſon's, it will be 


ſound they have clearly gone within the limits of 
the act. To this I anſwer, that I compared the 5-2 


going of Mr. Harriſon's watch in each period of 
ſix weeks with its going in the preceding ſix 
weeks, rather than with its going in the preced- 


ing month, or in the firſt, month of the trial, be- 


cauſe it afforded a more convenient and eaſy 
mode of calculating the errors of the watch, by a 
ſimple ſubſtraction of the going in one period 
from that in the other, intelligible to eyery-body, 
and not unfavorable to the watch, but rather 
the contrary; and yet ſufficient to Juſtify. the 
main concluſion I, deduced. from the trial, 
namely, that the watch could not be depended 
upon to keep the longitude within a degree, in a 


Weſt India voyage of ſix weeks; 3; whereby 4 
juſtified the commiſſioners in their former. reſo- 


lutions concerning the watch. There was no 
need for me to enter into a diſpute with Mr. 
Harriſon about the rates of going of his watch, 
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objekt to, as being favorable to him, was ſuffi- 


cent to prove the imperfection of his watch. 
Mr. Harriſon, however, objected to this caleula- 


tion, and propoſed the very method which 1 


have now uſed in the caſe of Mr. Mudge's 
watches, and which Mr. Mudge objects to. A 
period of fix weeks going was proper to compare 
Wich the going of the watch in the ſucceeding fix 
weeks, and ſo would a period of a month have 
been; but it does not appear that it was impro- 
Per, or leſs proper to compare with the going 


of che witch for a greater length of time, ſuch 


as dit months, the period of an Eaſt India 
voyage. Mr. Harriſon's was a particular caſe, 
very different from Mr. Mudge's; ſimilar 


modes of calculation could not therefore be 
with any degree of propriety ; as 1 


have hn before. In my account of the 


going of Mr. Harriſon's watch I did nor lay 
down any general principle, that the time uſed in 


aſcertaining the rate of the watch ſhould be equal 


to the length of the ſubſequent trial of it; for 1 


confined myſelf” ſolely to the conſideration of 


Mr. Harriſon's cafe. Therefore Mr. Mudge's 
donclufion, that it was neceſſary a compariſon 
ſhould be made between periods of fix months, 
in the caſe 'of his time-keepers, does not follow 
from any premiſes which 1 have laid down, as 


" 


* 
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Mr. rde e gage to e. * _ : 
eiern | 
Neither does it follow neceſlaity Fr vided 


_ na al 


Mr. Harriſon's time-keeper in fucceſfive periods 


of ſix weeks that it would, therefore; 
be proper to make compariſons between periods 
of fix months with Mr. Mudge's time-keepers; 
for inferences from analogy have not the force of 
direct demonſtrations, and do not neceſſarily hold, 
and cannot be fairly drawn at all, without an at- 
tentive conſideration of the different circum 
ſtances of the different caſes. I have ſhewn be- 
fore, from a conſideration of the various circuitry 


| ſtances concerned in the different methods of 


calculation, that the method of calculating the 
going of a watch, from the rate of the preceding 
month, 1s a fairer and Opry penn — 
_ preceding period of ſix months. 

Mr. Mudge, from page r Ai 
thing which he calls reaſoning, but which doe. 


not appear to be very intelligible, endeavours to 


ſhew, that a mean daily rate of a time-keeper - 
ought to be taken from a large portion of time, - 
and applied to a ſmall one; or at eaſt taken 
from a period equal to that it is intended to be 
applied to. He obſerves, for inſtatice, that a 
mean daily rate taken from fix weeks is very 
Proper to de uſed as a ſtandard of allowance for 


| my pres of one ; week would 
atgiamnents as . „8 
; as can trace W N 
| — afliv _—_ of: light 
1 © principle frequently adopt 
z large quantity e enfefoeo deduos | 


able : Pages h | 
ſmall errors of the leſs quantity ſhould affect 


the larger more than the leſs, in proportion as 


it exceeds the other; a that it 
= the other; and on the 
is advantageous to deduce a ſmall ee from 


ge quantity may be expected to affect the 


finaller 
eee rs its 


r 
order to form a r tua this 


principle juſtifies Mr. Mudge's poſitions, I muſt | 


obſerve. that 
ve that the uncertainty of the daily rate of 


the w 
the watch, whether deduced from the firſt month 


firſt ſix months, will ariſe either from errors in 


obſervations, by which the going 


watch is computed, or from irregularities 


— ee rates of the watch, which in 
: ſpaces of time may run one way, and in 
longer times, by their very variations — 
3 in . meaſure — 


another. 
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another. The firſt cauſe of error in bn 
puuted rate of à watch, that gs T__ the 
{ſmall errors of the aſtronomical can 
be but trifling-in — N 
variation of the watch in the interval uſedto ſettle 
A the rate, whether it be a month or ſix months, 
-would not be affected thereby by more than half 
— ER LE : 

wot obſervations, one made at the 
_ abiginaia_ ud Paley malt ae ri"; 

and conſequently the error in the computed going 
of the watch in ſix months, if deduced from the 
going of only one month, would not exceed ſix 
times thoſe quantities, viz. 3” or 6% which are of 
no conſequencein practice; but if the daily rate of 
the watch be taken as uſual from a mean oft the daily 
rates of the ſeveral days, it will be obtained more 
exactly, and the error reſulting on the e 
2 be ſtill ſmaller. 
As to the ſecond cauſe ene ee | 
Sharia: that -owing to the irregularities and - 
fluctuations of the rates, from a mean of which 
the rate propoſed is deduced; it remains to be 
conſidered whether this is likely to prevail moſt, 
when the interval made uſe of to ſettle the rate is 
the latter, without however giving any clear and 
incontrovertible proofs of it. His argument 
ſeems to depend on a ſuppoſition, that the ſpace 
'of one * is not ſufficient for the watch to run 


: > 

_ 
x 
3 

= 

_ 

i | . 
©Y \. 
: 

RS . 

f £00} 

=_ 
. 
$ 
1 
[4 

—_ 
! 

#1 . 
| 
1 
: 
if 

| 1 
| * 
ax. 


„ 


Hh ated a, rhe 
fix months are. I muſt own that 1 cannot fee the 
grounds of this ſuppoſitions: fince we are 100 lit- 


tle acquainted-with the various mechanical cauſes 


which may affect watches with irregularity (cauſes | 


ſortuitous and vague in their nature, and not de- 


tion) to be able to make any computation either 


of this kind will, Ifear, for ever clude the reſearche: 
22 ach, — a: wach- maker. 
1 pm py 1 the 3 
tudle, which is required to be generally practicable 
and uſcful.-- One of the errors, to which moſt 
time-keepers hitherto made have been found liable, 
aud particularly Mr. Mudge's, that of their ac- 
| celerating or retarding their rates of going after a 


; {their rates, is particularly adverſe to the principle 
5 Wee —— 


| mh ans pores” of time equal to that of the 
going aſterw — . 


8 ſined as to their quantities and modes of opera- 


oſ the errors they may produce, er of the returns 
oſ them, or even to gueſs at them. A knowledge 


length of time, or the want of a permaneney in 
of taking the rate of a watch from a long {pace of 


| ala Mr. green eros br — 


the 


WAY 

che trouble to examine the matter hy ſome: par- 
ticular calculations, by comparing the going of 
his time · keepers, during the late trial, in ſorty- 
one periods of ſix weeks, wich their going in, | 
with their going in each preceding week, and 
have given the reſult in N XVI. of the Appendix; 

by which it appears that the rate deduced; 
from the going of the preceding week agreed a. 
little better at a medium with the actual going 

of the wateh Blue, and a little worſe with the 
deduced. from the preceding fix, weeks did; the 
ſum of the errors, by uſing the rate of the pre- 
ceding week; being to the like ſum, by uſing the 


rate of the preceding ſix weeks, as 18“, 11“ u 


19. 27“ with the watch Blue; and as 400. 55 

to 37. 45“ with the watch Green. Although a 
too ſhort to deduce an accurate rate from, yet , 
it appears to have anſwered nearly as well in 

| theſe calculations as a period of fix weeks; its 
cloſer connection with the ſubſequent period of 

ſix weeks, to which it was applied, making 
amends for the inexactneſs ariſing from the 
ſhortneſs of the interval. Hence we may con- 
clude, that a rate deduced from the previous 


. trial of a month, would probably agree much 


better with the going of a watch in the ſubſe. - 


1 , 


= — the differs 


| in future trials. There is 9 
* it, that if che watch ſhould not be perfectly 


Cob. 
en r vote; Wan 


month ſeems, from inſpection of the daily rates, 
to be a ſufficietit allowance for the variable irre- 


ence of the whole accelerations or retardations 
of the watch in two ſucceſſive periods of ſix 


| months, 18 What, I believe, nobody would have 
thought ————— 


lated to go at the ſame rate in all the de- 


des of heat and cold, to which it may be 
expoſed during the return of the ſeaſons, which 


is a moſt difficult thing to accompliſh, and one 


of the periods of fix months ſhould include all 
the hoͤtteſt part of the year, and the other all the 
coldeſt, ſome difference might ariſe from that 
cauſe; and by conſpiting with the other — 
sxxities of the watch might produce a conſider- 
able error in the reſult. Mr. Mudge's — 
appears to be improper, on another account, at 
leaſt conſidered as a mode of trial for the inſor- 
mation of the commiſſioners, to enable them to 
form a judgment upon its uſefulneſs, that it ties 
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previous trial of ſix months. —— | 


[91 . 


| MEETS" calculation, which can give 
but little information concerning the ſteadineſs | 
or unſteadineſs of the going of the watch in the _ 
courſe of the twelve. months, trial; while my 
method clearly aſcertains that point. 1 have 
before ſnewn that it would be ſeldom prafticable 
to obtain ſo long a triab as that of ſix months 
previous to the ſending a , watch to ſea. Laaſtly, 
the watches being ſubject to have their rates. of 
going accelerated or retarded aſter a length of 
time, {> as not to return back to their firſt rate, 
it may happen that the mean rate of going in 
the ſecond ſix months may be conſiderably dif- 
ferent from chat in the firſt fix monts. 
1 ſhall illuſtrate che laſt, remark by examples 
taken from the trials of My. Mudge's watches at 
the Nn. Obſervatory. The firſt time-keeper 
got 5“. 35” in half a year, between November | 
— 1776 and May 12th 1777; and it got 11”. 
10% in che next half year, between May dach 
cok November 10th 1777 ; the difference is 5/, 
35”, the error of the time-keeper in fix. months, 
-  according/ to Mr. Mudge's method. In the 
firſt trial of the two time · Keeper Green and 
Blue, the watch Green got 1“. 12“ in half 2 year 
between Mos zift and November goth 17794 
| and it got 7. O“ in the next half year, between 
November —— 1779 and June 3d 1780. The 
Kifference is 50, 48” for the error of the time- 
| 8 3 


1 fatne firſt half yer 0 
16" in the next hal year; the difference W294 


: 


EN. J and got 280 


41% for the error of the time keeper in & 


55 S. In the ſecond trial of theſe time-keepers; 


the watch Green got 1“, 8% in half a year, be- 


tween Auguſt the 20th" 1783 and February 2oth 


1984; and it got 6. "53* in the next half year, 


between Feb. 20 and Aug. 21, 1784; the diffe- 


rence is 85 45” the error of the time-keeper in ſix 


months. The watch Blue, in the ſame firſt half 


year, got 7, Pu and in the ſecond-half year it 
got 12. .30”; the difference is 5%. 287 for the 


error of the time-keeper in ſix months, according 


to Mr. Mudge's' method. We now come to the 


ut rial of theſe time-keepers; that in 18 ad 


1790. Tt is with reſpect to this that Mr. Mydge 


ſays, p. 19, that if the ſame method of calculation 
had been uſed, as I had adopted in the caſe of 
Mr. Harriſon, the reſult. would have been very 

different from what I found; and it would have 
been manifeſt that the terms of the act had been 

moſt fully complied with. Accordingly he ſays, 


p. 25, that it appears from my regiſter, that the 
watch called Green during the firſt fix months 


gained . 4½ 21; and during the aſt fix | 


months gained J. 39,79; ſo that the difference 
between the two periods is 1“. 58% 88, Which is 


vuchin dhe ſrigei init of the gl ani ence 


„ 
— called 


' 


_— — — * 


£ | | | 5 4 | ; 7 
| 6 ks 3 1 101 1 1 i 
1 < 
7 eure Blue; Gering the” firſt fix"moiiths f % 


3 e, and during the laſt ſix months loſt os 
134 %56 fo that the difference between the two 
periods is . 5 5% 48, which is within the moſt 
extended limits of the act. For theſe ſeverll 
numbers ſee N. IV. to X. of the Appendix. 
Hence he concludes that both "tis watches as 
within the limits of the act. . 
It is obvious to remark that that wal Blue; 
according to this calculation of Mr. Mudge, only 
went within 41“ of 4, the moſt extended limit of 
the act; and as the act requires two watches to he 
tried at the ſame time, the other, viz. the watch 
1 85 Green, having gone much nearer, and even within 
1 ſtce neareſt limit of the act, according to Mr. 
M.ucdge's calculation, could be of no ſervice to 
him, even ſhould the watches have been or- 
dered on further trials, and have gone as well 
| under them as in this firſt-trial of them; ſince both 
the watches muſt be judged by that which went 
the worſt; becauſe the commiſſioners could not 
declare that the method afforded by the time- | 
keepers was more exact than what was indicated 
by that watch which erred the moſt; It ap- 
pears then to be only for this ſmall difference of 
4 that Mr. Mudge has made all this mighty | 
ſtir, and introduced a new, inconvenient, impto-— 
22 and not n N method of _ | 
| TOI 


— 


YL 


to) 
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bighly probable that if this watch had been or- 
_ dered on further trials by the commiſſioners; it 
wicht have gone worſe than on this by 47“ in 
i months ? eſpecially confidering that che winter, 
during which the time-keepers were tried, was 


- remarkably temperate, the thermometer in the 
tranſit room at noon having never ſtood lower. 
than [36*; whereas the ſeaſon was much ſeverer 
during the trial of Mr. Harriſon's watch in the. 


Game toom, the thermometer at noon. having 
| wave deſcended {low as a5. 28 

. Theſe fuppoſitions are confirmed os a 6 
e v6. ce watch Green, that which 
went the beſt of the two, and even within the 
neareſt limit of the act at the end of the trial, ac- 
cording to Mr. Mudge's calculation; which at 
the ſame time overrurns al Mr. Murdge's pre- 
e e The A i di d by: 


' taking the rate of its going from the firſt fix | 


months of the trial, and applying it to correct 
. the going in the ſecond ſix months, which is 


Mr. Mudge's method, the watch did not keep, 


time within four minutes of time during the 
whole of the ſecond ſix months. Mr. Mudge 
may ſay, if he pleaſe, as he has ſaid before, that 


I have contrived to make ſuch calculations as to 
| make it appear, that the watch had erred be- 
e Fond 


— 


— the eng f b * bas. 


_— in addition ro -his hone hr Which! 


Fw] 


hond on of the limizs-of he abk. Tia, tiomevad, 
I do aſſert, and will now prove, and | therebly | 
e have e eee ee 


principles 1 ill appear dy coraparing the 


ſums ol the daily: rates of this. watch, in Ne IX. 


of the Appendix, that between June at and 
Ded. 24h 1789, or in 183 days, it got 1. 


4 al; and between Dec. 24th 1789, and Max 
6th' 1790, which (conſidering that the wateh ws 


ſtopped five days) makes a ſpace of 128 days, it 
got . 157,28: But it ought to hayeigot only | 
. 10% 9, according to the tenor of its going in 


"the firſt fix- months: for if 183 days give u Fin | 
of the watch 1“. 41,21, then 128 days ought, by 
the rule of three, 4 is am 10% 
which differs from 5“. 13”,28,/ the actual gain of 
t by . 2 4%, or 24 ſeeonds bepand the-moſt 


Extended limit of the act, wlüch requires tho 


method of finding che longitude by a time- 


keeper to be generally practicable and uſeful, 


and ſufficiently exact to determine the longitude 
at ſea within certain limits in all voyages, foe 


the ſpace of fix months, impeditmencs om clogap 85 


a and hazy weather excepted. 


Mr. Mudge, in p:29 and 30. has propoſed two. 
cider metholle- of aſcertaining the going of times 


* 
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r 
de leaſt: and greateſt. daily rates of going of a 
wach during the whole year, or to take the 
mean daily rate deduced from the going for the 
whole year, to be allowed for upon any one or 


more periods of its going within the year, let 
their extent he What they may. The firſt me- 


thod ſeems prepoſterous; to take ſo, i important an 
| ee the r from, the, rwo Forlt 
error of cok; — . bs eames, daily 
rate will produce an error of chree minutes in Res 


the computed going of the watch in ſix months. 


The laſt method is very favorable to himſelf, be⸗ 
eauſe let the watch go ever ſo ill, it will juſt 


take off half the error. Both methods are liable 


to this inſurmountable objection, that they are 
impracticable in the caſe of a ſea Voyage, be- 
cauſe the propoſed rate could not be known till 


the voyage was over, and conſequently could be 


5 of. no uſe. in the voyage. The latter method ö 


might be uſeful in ſettling the longitudes of pla- 


ces ſeen or touched at during the voyage, for the 
improvement of geography; but that is not the 
longitude now in queſt ion. 
It is ſo ſtriking one cannot 1 "remarking 
Mr. Mudge curious inconſiſtency in finding 
great fault with me, p. 26, for uſing two different 


. of * the going of time- keepers, 
IO 


7, 


6 105. HF 


des e. two very enn | 
the trial of Mr. Harriſon's watch, and the late 
1 of his on ne ee 
making uſe himſelf of three different methods in 
one and the ſame caſe, the late trial of his own 
watches. The time-keepers/ ought indeed. to be 
good enough to bear all the different methods of ; 
calculating their going, which might be of uſe on 
different occaſions: . Mr. Mudge :only ſhews 
his. ſenſe of the imperfection of his time · keepers 
by endeavouring to withdraw them bam aN 


Tap method of examining, the. .. 


Mr. Harriſon ſaid, at the diſcovery of the prin- 
ciples. of his watch, that as ſoon as it is put 
together, it will ſhew its rate of Soing in three 
hours accurately, the ſame which it will keep 
afterwards; ſo that he can ſoon determine it by 
compariſon with his pendulum, clock. See the 
principles of his time-keeper, with plates of the 
fame, which I publiſhed for the Board of Longi- 
_. rudein 1767. But Mr, Mudge will not allow _ 
us to know the rates of his watches till they have 
been going and tried fix months, A ſtrange 

difference this, in the opinions of theſe two artiſts, 
or in the properties of their watches! and yet Mr. 
Mudge inſiſts on it, that his watches are conſider- 
ably. ſuperior to Mr, Harriſon's, which I allow- 
eee This ſhews that he has not a very 

P . 
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e ane © opihio! W N watches, to require b 
Jong! a trial 1 them to ſettle their rate. 


the method of calculating the going of 
ume · keepe 


Aer al, 1 have only uſcd, extended, and ex- 


rs, which T found in uſe when 


e But 1 do not pretend to 


give laws to the public. The more enlightened 
of the preſent age will examine the various me- 


_ thods that have been propoſed, and weigh the 
arguments produced in favour of each, and will 
judge for themſelves. Other time-keepers, of 
very different conſtructions from the preſent, 


may be invented hereafter, which may ſuggeſt 


and juſtify very different modes of trial and cal- 


+ culation. In the mean time J am not under any 


_ apprehenſion that the leaft imjuſtice has been 


done to Mr. Mudge, or any other frakers of 
time-keepers, by the application of the methods 
of calculating their going to them which I have 


uſed uy deſt eee ee o n, Jn” this 
There is another method of dg the 
going of time · keepers, which ſome perſons may 


_ think preferable to that which 1 made uſe of; 


_ which T ſhall therefore deſcribe. It is by correct- 


ing the going of the watches in the ſeveral periods 
of fix months, by the mean rate deduced from 


the montli immediately preceding each period, 
| Fray * | 286 | * ak inſtead 
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inſtead of. correcting their going in the Gd 
periods by one and the ſame, mean rate, that de- 
duced from the firſt month at the commencement. - 
of the trial. Mr. Mudge, indeed, has taken no 
notice of it, becauſe; it would not anſwer his pur-, 
poſe ; for though theerrors of the watches are a little 


reduced hy it, yet they ſtill, far exceed the limits 5 
of the act of parliament, as appears; by the e. 


ſult of this method, which I have given at Ne 
XV. and XVI. of the Appendix. My reaſon for 

not adopting this method, inſtead of the other, 
was this, that it cannot be expected that all per- 5 


ſons, ho carry time · keepers to ſea, ſhould have 


ability, nor, if they had ability, always time, to 


determine the rate of going of their watches. bßß 


a month's trial before they went to ſea; and 
conſequently that this method could not be * 
ſidered as generally uſeful and practicable. . 
Mr. Mudge, in p. 31 and 32, * 
tion again of the r regularity of the going of 
his firſt time -keeper in the hands of Admiral 
Campbell, during the two voyages to-Newfounds. 
land, and thinks that this, as well as the better. 
; going of the two laſt time-keepers.in.. the hands 
of Mr. Dutton [after the cloſe of my trial of it 
than in mine, may induce moſt perſons to believe 
that IJ have been unfriendly to the ſucceſs. of the 
* have already, from p. 66 to 7s, 
R made 


1 
1 


* 


vor of his rime-keepers from Admiral Camp- 
bells trial of the firſt in his two voyages to 


Newfoundland.” I am informed from Mr. Dut- 


ton; that the time Keepers were tried in his ſhop, 
Which is a cloſe room, where there i is a ſtove oc- 
caſionally lighted i in winter; whereas there is no 
fire place in the tranſit room at the Royal Ob- 
ſervatory, nor is there ever any fire made there, 
Moreover the air of London out of doors is 
generally ſome degrees warmer than at Green- 
Wich. This difference of circumſtances alone 
might occaſion a conſiderable difference to cauſe 


che e to go better with Mr. Dutton 
than with me. However, notwithſtanding this 


. advantage 1 in their favour at Mr. Dutton's, I find 
by à calculation of their going during his trial 
of them, ſee Ne XI. and XII. of the Appendix, 


chat the watch Green went worſe with him than 
with me, its en error with hitn having 
aätmnounted to 87 12“ in fix months, whereas with 
me it did not Sen „*. On the locker hand the 


watch Bloc went better in his trial of it chan in 
mine, its greateſt error with him having deen | 


1 whereas with me it amounted to 6” 3 89 


The going of the watches with Mr. Dutton evi- 
dently corroborates my trial of them, as the going 


of the firſt time-keeper * 8 Dr. Hornſby agreed 
5 15 * | h 1 Wo by | with 
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in the firſt month of his trial. The watch Blue 


ia and det ay trial of 3 it, bent e 
36, and 63 of chis anſwer; In theſe calcu- 
htions J have made allowance for the daily 
rates of Mr. Dutton's clock ſet down in p. 8 


of Mr. Mudge's pamphlet, and the alterations of 
it, and the letting down the time- keepers one day, 


mentioned dy che ſide of the regiſter. 

Mr. Mudge endeavours to enhance the going 
of the time-keepers in Mr. Dutton's trial, which 
he miſtakenly ſuppoſed better than in mine, by 
obſerving, p. 32 and 92, that they were put im- 
mediately into Mr. Dutton's hands without 
cleaning, and that at the end of the trial they 


had been going more than three years with- 


out cleaning. Mr. Mudge has 'prechuded 
himſelf from any right to make uſe of this 
argument, becauſe he declined the offer made 
him by the Board to clean his watches previgus 


to any further trial they might undergo; wluch 


ſhews he thought ſuch cleaning neither neceſ- 
fary nor uſeful. See p. 45 of this anſwer and 
page 11 of the Appendix. The watch Green 
was loſing 2“ 3 in the laſt month of my trial of 
it, and was gaining 37,8 in the firſt month of 
Mr. Dutton's trial, the difference is 6% 1; and in 


the laſt month of Mr. Dutton's trial it -was 
keeping equal time, or going 38 ſlower than 
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was loſing in in the lit noah of my cri f 
id and guining 3 1 in the firſt month of Mr. 
Dutton's:trial of it. the difference is 3*,9; and in 
_ the laſt month of Mr. Dutton's trial of it got 2“ 
2 day, or went 1½ 1 ſlower than in the firſt 
nme. his trial. Tab. variations of the 


8 ford permanent — as: Mr. Madge. pre- , 


tends} Such variations muſt be allowed to be 
of conſequence, becauſe an alteration of the rate 


of only 1“ in a day will make 3“ in 6 months. - 


It does not appear that the letting down the 
watches and keeping them in that ſtate ſhould 
affect the rate of their going when they ſhould; be 
t in motion again; at leaſt it bas not had any 
much effect in the inſtances of their being acci- 
dentally let down at the Royal Obſervatory. It 
feems-to follow- that no ſuch effect ſhould; take 


place with reſpect to Mr. Harriſon's watch, from 


what he ſays in the principles of the ſame, quoted 
before in p. 105, that as ſoon. as it is put together 
it will ew its rate of going 1 in three hours ac- 
| 8 ſame which. ic, will F- kom alter. 
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5 
oa ſhall in 1 * — notice af the oor 
We going of the ũrſt time - keeper given 
in the two laſt pages of Mr. Mudge's pamphlet. 
| Pha fn contains . 
A * the 
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che going fee watch on ſhore, at Newfound- 


ſervations from which the rates were 


full as well in mine as in the Admiral's trials, | 
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land, in the courſe of three months and a half; in 
the year 1784, and of its going there again in the 
courſe of 44 months in the year 17855, according 
to the Admiral's aſtronomical obſervations. ' 1 
have given in Ne XIII. of the Appendix an a- 
count of the daily rates of the ſame watch in 
4 month's trial of it by myſelf between No- 
vember'1 1th, 1776, and March 24th, 1977, de- 
duced- from periods of 'a week, to reſemble as 
nearly as poſſible the intervals between the > „ 


by Admiral Campbell. It appears to have gone 


that is to ſay, its daily rates have not varied more 
in mine than in his, notwithſtanding it was evi- 


dently in a ſtate of accelerating its rate of going 


continually more and more in my trial of it. 1 
might add, that it is very probable Mr. Mudge, 

between the concluſion of my trial of it in 4798; 
and Admiral Campbell's trial of it in 1784, had 
made farther improvements or adjuſtments to it, 
to correct the tendency oF the watch to continu- 
ally accelerate its rate. The leaſt daily rate 
in this interval happened between December 
zd and ꝗgth, 1776, and was — 0“ 5135 the greateſt 0 
between March 17th and 24th was + 54,58; che 
difference is 5,71. In Admiral Campbell's re- 

Gdence at Newfoundland in 1784, the leaſf daily 
9 ; . He OY 23 rate 
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0] 


: rate 11 and 20th, 1 was. —0",0.3, 
eilte greateſt, between: Auguſt 27th and 21ſt 
___ mas+ 2707. the difference is 210. In the 
_ Admural's, reſidence at Newfoundland in 1783, 
the leaſte daily rate from September 2d to 4th 
was A, and the greateſt, from Auguſt 
SBSBth to toth, was + 125; the difference is 
309% The greateſt variation by my trial is 
% which is greater than 2” io the firſt, and 
leſs than 3% the ſecond of theſe errors. 
A] | Thelaſt page of the pamphlet contains the lon- Tg 
- tudes of Newfoundland and Oxford found. by ß 
5 — — I have already ſnewn, p. 72, 
that the longitude of Newfoundland determined 
by Admiral Campbell in the year 1784, when 
properly corrected, differed 4 „ from the true 
longitude in going out, and 34 in the return. TY 
=—- Is longitude determined from the voyage 1 
1 1785 is ſet down, differing 244 in going out, 
a and/21# in the return, from the true longitude. 
But I do not know upon what calculations they 
nl See p. 73 of this anſwer. All this is 
= very reconcilable with the going of the watch 
during an equal time in my trial of it in 177 
and 1777, as I have ſhewn in p. 75. The longi- | | 
tude of Oxford, determi me by the time-keeper, 14 
differs from O6 to 1% 2 from the true longitude. 


Ius ſhewss the great uſefulneſs of a good time - 
der an determining the langitude gf places 
A „%% RO Oh ; | —_ 


ment of the daily rates on ſucceſſive days.” The 


tf 


. nor very Aber from one anbeler.* Sn pe 
journeys or Voyages; and is no more than whit: 
might be expected from the frequent near agree. 


like advantage has been found from Mr. Arnold's, 
Mr. Emery's, and Mr. Earnſhaw's time Keepers. 
The longitude of the Royal Academy at Port 
mouth was determined, April 21ft, 1774, by 2 
watch of Mr. Arnold's, to be ., 26”, and on 
May 29th, 1775, by another watch, to be 4 
and Auguſt 11th, 1791, to be likewiſe 4”. 26% b 
a watch of Mr. Farnſhaw's, weſt of the Royal 
Obſervatory at Greenwich in time. Its true lon- 
— by various aſtronomical obſervations is 4: 4 
25”, as ſet down in the requifite tables. 
Mr. Mudge finds fault with me in p. 32, for 


only faying,” when the watches ſtopped in Patel N 


1790, chat they ſeemed to have ſtopped for want 
ol being wound up, and for not faying, as I did 

in a regiſter publiſhed ſome! years ago of the going 
of a Watch of Mi: Arnold's [in 177 9] the warch . 
went down lig thy Riot bs be ought 1 
1 have given an account of this matter in p. 41 
and 42 of the hiſtory of the watches, The reaſon 


of the difference of my remarks in the two caſes Fs 


was, that the aſſiſtant in the caſe of Mr. Atnold's 
watch had poſitively fetdown inthe regiſter, that the 

watch went down, having been forgot to be wound 
PP, à—— — w—·j OY the 


f nana e d un; and 


de being rpc... 
M "Mr, Mudge, from. p..35 0 44, bas given an 


35 


and. Mache other caſe 


uch remark. was made, the Yatches having 
. wound. up before any ade ee 


nt of hat he ſuppoſes paſſed at he Board of 
tue on June 1.1th, 1791, when they were 


| ang on —— for he was never intro · © 
_ duced. to the Board; but which he. may be fp. 
poſed to hays been. informed of in the whole, as 


rm ns ry pry rn eng 


buted. to me, as having ſaid concerning the time- 
keepers, is. ſo very proper. and co 


ſay, nothing to ex- 


fal for purchaſing Mr. Mydge's two. time-keeper: 
ether with the ſecret of their conſtruction, at 


BY, 4055 5.4; 39%, 0d orc aud eve 2 


e lefs here. M r Nn. 
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; — Board, who has always been his warm advo- 
cats, I am glad he has always had an advocate 
there, becauſe. it ſhews that no reſolutions were 
taken concerning. his. watches without mature 
_ conſideration, . The 125 of f whas be bes attri- 


mmendable for | 

ms do have faid, that though I took no notes, 

_ ae expetting to have, my words ſo minutely re- 
ported without doors, I. ſhall 

teguste this charge, but rather to add go it. 1 
have already, at p- 51 and 52, given an acœount of 
what, was aid at the Board, relative to the propo- 


— 
ä — 


| 4nventions, and to execute tinte. kcepers in grent 


e e eee eee, 
Arnold's Watch in 177 and 1780, which fie 
allows to be very accurate; while his two tittie⸗ 
keepers, which were then tried alſo for tie fuſt 
time, went very indiffetently, as 1 have already 7 
ſhewn at p. 37 and 76. I have no apprehenſion. 
that any body will join Mr. Mudge in opinion, 
that the teſtimony of an Aſtronomer Royal, and 
of myſelf in particular, is leſs deſerving credit and 
reſpect than that of any other perſon wharlvever, 
Neither do 1 apprehend that my having beten 
then on friendly terms with Mr. Arnold will di- 
miniſh the eredit of my report of the going of Hit 
watch. My acquaintance with him was founded 
on a regard for his abilities, and the unwearied = 
pains he took for many years to produce uſeful 


numbers for the uſe of the public. I firſt found 
out his merit, and recommended him to the 
Board, by whoſe encoutagement and rewards 
principally he has been enabled to bring his 
time-keepers to their preſent degree of perſection, 
ſuperior in ſimplicity and readineſs of adjuſtment 

to Mr. Mudge's, as well as in exatneſs of goin 
and conſequently 'more likely ro be uſeful. 
adds, that Mr. Arnold has ſince quatrelled wich 
me, and as a candidate for the rewards of the act 
Er in my hands, 
: == 


5 r do dads þ ray 
1 bold in his aſſertions here, as well as in many ä 
* ether places of his pachphlet, and equally mi 
| taken; for no time · keepers of Mr. Arhold's, aa 2 
candidate for the ſpecific rewards of the act © en 
ent, were ever tried at the, Real Obſer- Y 


| ay. 
Mx. Mudge eee if tin wich (of 
Mr. Atnold's tried at the Royal Obſervatory in i 
| 1779 and 1780] is conſtructed upon principles 
: that can be depended upon, that no ſecond has in © 
the courſe. of ten years been made like it, ſo as 
to entitle the inventor to clainſ the reward offered 
by parliament.—It is rather ſingular that Mr. 
Mudge ſhould make ſuch a remark, and be ig- 
| | - Dnorant, notwithſtanding I mentioned, it to the 
= Board, and matters of leſs conſequence were re- 
Ported to him, that a pocket watch was made by 
Mr. Arnold for Mr. Everard, of Lynn, and tried 
pbp him in a continued ſeries for four years and 
5 four. months, from November. I1; 17855 to 
Mlarch 35, 1790, which went ſtill better than 
that which I tried at the Royal Obſervatory i in 
1779 and 1780; beſides which, the regiſter of 
its, going for the firſt two years of the time was | 
© publiſhe long ago by Mr. Everard, and diſtri- N 
5 an en by him; and the regiſter of its 55 
3 e e eee MY 
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5 „„ Armold, which Mr. Everardna 9 


late letter to me certifies as authentic. However, 
Mr. Arnold could not obtain the rewards of the Act 


for the going of theſe two time · keepers, becauſe 
they were not tried both together at the Royal Ob- 


ſervatory for the ſpace of a twelvemonth, and then 
afterwards in other voyages and trials appointed bx 
the Commiſſioners. I deſire to mention, for the 
information of thoſe who may not be acquainted 
with Mr. Everard, that he is an eminent wine-mer- 


chant, of Lynn, in Norfolk, and a gentleman of 
ſortune and great reſpectability; that he is fur- 
niſhed with a good pendulum clock made by Mr. 
Arnold, and a good tranſit inſtrument made by 
the late Mr. Siſſon; and that he is ſo fond of the 


accuracy of his watch, that he makes à point 


of attending every day to obſerve the tranſit 
of the ſun for ee the going e 
and his clock. ; 1 


| The laſt charge brought again me, p. 40, ig, 
ere. to the Board, that Mr. 64 


made the compenſation pieces for heat and cold 


of the two time - keepers for Mr. Mudge. He 
ſays that he could not do it himſelf in the country, 


without a great deal of trouble, for want of pro- 
per conveniencies, and therefore Count Bruhl got 


it done ſor him in town by Mr. Emery, as a good 
workman, and that this was no more than ſolder- 


. nn ee. it | 


——— —_ 
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bo ye. kgs. — 
the tountry. That this was a very important 


part of the time-keepers, may be inferred from 
what Mr. Dutton told me long ago, that Mr. 


| becauſe he did not think proper to put it in the 


— — — 88 
Tonſtructing this very part of his time Keepers, 


balance, Mt: Arnold having already done it in 


his, © Mr. Emery has lately informed me, the 
 Untifithilation pieces for heat and cold, originally 
pot by Mr. Mudge in his time-keepers, did not 
 ' anifiver, from having been made of bad metals; 


but that he Had himſelf invented a particular kind 
of metal, which he made uſe of in conſtructing 
this part of Mr. Mudge's watches. This he did 
to 6blige Count Bruhl, though he might ſeem to 
be acting againft hirmſelf. In page 42, Mr. 
Mud ge ſays, that I ought to have given a candid 
2 unequivocal account of all I knew relative to 

the invention, that the Commiſſioners might be 
Ae 160 come 66 a decifidn; nk a "the 
| Knowledge upon the ſubject which 1 was capable 
of communicating. —How inconfiſtent is this with 
his 


kim in conſtructing the thermometer part of his 


Watches? Having no well grounded objection 
w make to my behaviour on this occaſion, | 


me a little before for acquainting the 
Board with the affiftance which Mr. Emery gave 


f wp) 
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3 — duty, in a caſe 
where I had been moſt vigilant to perform it, | 
In juſtice ta Mr, Emery, I think:is proper to. 
| obſerve; that he did nor offer his twa time-keepery 
to the Board. for a public wi, gill March 5th 
1791, and after Mr. Mudge's watches had been 
returned to him. I was deſired by the Board to 
aſk him ſome queſtions about them. Accords 
ingly I aſked him whether his watches were made 
upon Mr, Mudge's principles? He anfwereds 
no. Whether he thought: they would go bettet 
than Mr. Mudge's 2 He ſaid that he could not 
2 tell, for bee rs his. nr 
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e pipe; ol fs ke from a Wadi: 


Ing that he had formerly made a curious pocket 


Wach for Count Bruhl, with the eſcapement 


of Mr. Mudge's conſtruction, and from my 


8 Having ſome how or other taken it into my head, 
tat Count Bruhl had obtained a communication 

from Mr. Mudge of other parts of the conſtruc- 
tion of his watches for Mr. Emery to make uſe of 

on this occaſion.” This notion of mine ſeems to 

_ hive ariſen from my conſidering that Count 
_ » Brulit had always been à great patron of Mr. 
 Mudge ; and from ſomething which Count Bruhl 


had both ſaid to me, and publiſhed in the intro- 
auction to a pamphlet, containing three regiſters 


fkk his trials of the going of this watch, as if the 


watch had been made according to Mr. Mudge's 


| Eonftruftion, and from my not being then fo well 


apprized as T am ar preſent, of Mr. Emery's me- 


_ Fit as a good workman, and ingenious watch- 


maker, to make me ready to i imagine him capable 


_ of executing a watch of fuch'excellence”as this 


evidently appears to be, from Count Bruht's trials 


of it; with the help only of Mr. Mudge's eſcape- 
ment, fupplying himſelf; out of his own invention, 


the many other  efſential parts of 'a watch, nay 
more effential parts in the opinion of the principal 
makers of time-keepers.”* Count Brubl's words, 


— che introduction above mentioned, are as fol- 
erate de IE 


Fw) 
«1 dentate eee 
ce was executed by Mr. Thomas (it ſhould. be 
e Joſiah) Emery, in imitation of the model of a 
& ſcapement invented by Mr. Mudge about 
« thirty years ago [about 1754]; which model he 
60 made at my requeſt, in order that ſo valuable 
„ inyention might be brought into more ge- 
e neral uſe. This watch was fiſhed towards 
« the concluſion of 1782, Kc.“ Theſe words 
ſeem to imply that the eſcapement was the prin» 
cipal thing in the watch; and Count Bruhl has, 1 
believe, conſidered this watch, from this circum · 
ſtance, as if it was Mr. Mudge's watch, executed 
by Mr. Emery; in which opinion, perhaps, he 
has been carried too far by his great attachment 
to Mr. Mudge, and not being ſufficiently. appriaed, 
that though the eſcapement may be the principal 
thing in Mr. Mudge's watches, as it was in Mr. 


Harriſon's, it may not be ſo in other watches of 7 bs 


different conſtructions, and certainly is not ſo in 
thoſe of Mr. Arnold and Mr. Earnſhaw. This is 
the eſcapement, which Mr. Mudge, p. 47, men- 
tions, that the mechanical world have been obliged 
| to him for freely communicating to them, and that 
it is one of the moſt conſiderable improvements 
made in pocket watches for a great many years; 
by whichother watch-makers have been enabled to 
make watches far ſuperior to-any they were uſed to 


make before. Norwichſtanding what is ſaid here, 
; R I much 
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chat their going was ior fich as to diſcourage | 


See pues, ty any perſon in this 8 
kingdom, beſides Mr. Mudge and Mr. Emery. 
 Atter the Board of March "5th, 1791, Mr. 
Emery; through the medium of a friend of mine, 
queſted"Jeave to call on me at Greenwich, to 

dy Iconſented. He then informed me that 

\ his buſineſs was to defire"to fee my account of 
tte going of Mr. Mudge's two watches. This 

1 ſhewed him immediately, and he remarked 


His hopes of ſucceſs from his own two time- - 
pieces.” then aſked him, as 1 had done before 
dat the Board, whether the two time-keepers 

which "he" offered to the Board for public trial 
rere made on Mr. Mudge's principles; to 
Which he anſwered no, as he had faid before; 
bit that Mr. Mudge was indebted to him for 
making che thermometer part of his laſt two 
watches för him. This circumſtance I after- 
— the Board, * * by Mr. 
Mudgr. ul e Mo Zen, 
Mx. Titicry has ſince — me; that he 

never ſpoke to Mr. Mudge, junior, in his life, 

nor ever exchanged three words with Mr. Mudge | | 
dhe kither; that the mockel of Mr. Mudge's ef. 
capement was of a large ſize, being adapted to a 

Ubeles that he had a great difficulty to execute it 

of ſmaller fize, ſuitable to a watch; chat it is 


F: oh ny - - 
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very difficuk to execute, . but when onte dons 


will not be ſubject to wear out; that he had 


made two watches with the ſame eſcapement, 


for. the king of France, from which models a 


watch had been made by Mr. Robin, a French 


watch maker, which had come into his hands, and 


did not go better than a a common watch, which he 


attributed to its not being well executed; that 
Mr. Mudge had executed his own eſcapement in 


a ſmall. watch that he made for the queen, and 


chat Count Bruhl had had an account of its 


going, which was not ſo good as that of the 


watch made by himſelf. for Count Bruhl; that 


Count Bruhl told him el. thas th. me. 


* better than ever. 6 

Mr. Emery has 9 me he Wis AC» 
count of his making the watch for Count Bruhl, 
with Mr. Mudge's eſcapement. About ſeven- 
< teen or eighteen. years ago, Count Bruhl re- 
ec peatedly urged. me to make him a watch, upon 
«« an eſcapement Mr. Mudge had invented; 1 


<« for a long time ſucceſſively anſwered, that Mr. 
5 „ Mudge himſelf was the propereſt perſon for 


* ſuch an undertaking ; for, to on the truth, 1 


« doubted whether it would be poſſible to ever 


« make a common ſized pocket watch with an 
cc eſcapement on ſo large a ſcale. Bur the Count, 
< not contented with my repeated refuſal, at laſt 
« e 2my,.. It was chen he brought me 
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it nor any the ſmalleſt hint of the conſtruction 
« bf Mr. Mudge's watch; nor did I eber ſee the 


4 ſiid watch till many years after (for the Queen 
«had it) and his Majeſty himſelf did me the ho- 
«jour to ſhew it to me. 1 ſucceeded in this 
« undertaking pretty well; and I coficeive that 1 

« might" be allowed to ſucceed, without any 
helps, as different people are not always ſtruck 

e ich the fame ideas. Mr. Mudge being in 
| « town ſome years after, the Count Bruhl would 

have one of my watches pulled to pieces to 

4 ſhew to him. This was done, and much ap- 
proved of by Mr. Mudge, though himſelf - 

3 u differently executed from that of His, I never 
80 the alluſion of my having copied from Mr. 
=— —« Mudge; as Count Bruhl gave the fame advan- 


* tape to every watch-maker as He did to me, 
«as he never wiſhed to deny any from ſeeing 
« the eſcapement; and I believe moſt of the pro- 
„ en dick e it . 05 * | 
Mr. Emery fays, chat the two watches, which 

ke Preſented to the "Board, had à different eſ- 
capement from Count Brüml's- watch, and of his 
dun invention. T think I habe now vindicated 
Mr. Emery wen he®fulpicion of wanne bor- 


* 


9 | rowed 


it 125 3 


towed de conſtiuRtion of theſe ate ion | 


communication of Mr. Mudge's inventions, we. 


the - reproaches, which I underſtand have been 
thrown upon him by ſome of Mr. Mudge's | 
bench, as if he * 1. e enen 
* ee > 
Aer dl, Mr; Mudge; in p. 45, owns him at | 
a loſs to account” for my enmity to his fuccels = 
No wonder he cannot account for what does nut 
exiſt. Here however he contradidts what he had 
aid before, in the note p. 4, of my having a pri- 
vate intereſt to induce me to wiſh ill to mecha- 
longitude with myſelf. This ſhews he does not 
believe what he there aſſerted, and which indeed 
it is impoſſible he ſhould believe, becauſe the re- 


I have now anſwered all Mr. Mudge's objec- 
tions to my trials of his time-keepers in the 
courſe of ſixteen years, I flatter myſelf, to the 
fatisfaction of the impartial reader; and have 


eh reaſons, which L apprehend will be'thought 
1 " 


* _ 
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according to his on method of calculation they 
have erred beyond all the limits of the at. 
have pointed out the kindneſs and generoſity of 
the Board of Longitude towards him, in giving 
him C. 500 to enable him to make two time- 
keepers to contend for the prize of the longitude, 
and their great indulgence in granting him three 
„ ſeparate trials of the ſame in the courſe of 11 
Fears, in all which however they have unfortu- | 
=—_  -: e eine I ſhall ane any eemarks — 
= favours received, in en- 
3 deavouring to traduce and bring into contempt 


this valuable national committee, under the name 
| of the Aſtronomer Royal, their official agent, and 
 H in vilifying a public officer in the groſſeſt manner, 
nd, without any proof whatſoever; accuſing him 
olc che baſeſt actions in the execution of his office, 


the Board of Longitude in carrying their uſeful 
and important views into execution; but ſhall 
leave them to the reflection of the readers. 5 
—_—  -. Shall this great and enlightened nation ſuffer | 
1 an intereſted watch · maker, or the aſtronomer. of . 
2 foreign prince, or any foreigner, to dictate to 
mem the mode of trying time-kecpers? when 
3 nne exprebly; ap. 
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Hips Parliament to conſider du 

matters, compoſed of the principal officers of th: 
naval adminiſtration of government, 1 


of the Houſe of Commons, the chief Admirals of 
the Navy, the Preſident of the Royal Society, tie 


Aſtronomer Royal, and the learned Proſeſſors of 
Mathematics and Aſtronomy at both univerſities; 
an inſtitution which has not its like in any other 
nation; which cauſes the nautical almanac and 
_ aſtronomical ephemeris to be accurately m. 
puted and publiſhed in advance, agreeable to 
act of Parliament, confeſſedly the moſt exact 


aſtronomers at land ftriving to extend their ſcience _ 
by their obſervations aud calculations united, and 
to failors labouring at ſea to carry the commerce 
or arms of their country to the moſt. diſtant parts 
of the globe; which by its well · judged encourage 
ments and rewards has brought forward and pub 
| liſhed the dividing circular arches of moderate 
radii and ſtraight lines to the amazing exactneſs 
of gv of an inch by Mr. Ramſden; and a conſi- 
derable improvement of the lunar tables, by Mr. 
Charles Maſon, made under my direction, and by 
rules furniſhed by myſelf, from which the nautical | 
almanac is now conſtructed ; which has liberally - 
aſſiſted Mr. Arnold to bring his time-keepers to a 
great degree of perfection, which are now made and 
1 Py him and many other artiſts 1 in conſiderable 
| = eee 


performance of the kind extant, at once uſeful tu 
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| numbers. every years and which finally has Ms, - 


| xiched geography with the determination of the 
| Intitudes and longitudes of innumerable places, by 
obſervations made in the courſe: of ſeveral voy- 


_  ployed by chern for that purpoſe. But the uſe- 
fulneſs of the Board of Longitude is too well 


dut a diſappointed artiſt, to require my pointing 
dut inſtances in which they have materially ſerved 
the public, and done honour to the nation. 
Doubtleſs they deſerve commendation in another 
reſpett, for having been careful concerning the 
diſtribution of the public money. They might 
Indeed have been properly cenſured, if they had 
Sven it away to a perſon not legally entitled to 
it by che act of parliament, or by a partial pre- 
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n ones. : 
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ages round” the world by capable perſons em- 


known to the public, and acknowledged by all 
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4 "APPENDIX, W 1. 


COPY. 7 Minutes of the Blard of Leith, 
Ed to the Th rials of Mr. Harri You's s Watch. 


m Auguſt 17% br 
: Hartſon was called in, and acquainted 
with theſe reſolutions ; and being aſked 


it he was willing that his watch ſhould be ſent to 


the Royal Obſeryatory at Greenwich, in order | 
that ſome obſervations may be mille at that place 


for the trial of it by Mr. Bliſs, previous to its 
being ſent to the Weſt Indies, he conſented 


thereto ſo ſoon as it ſhall have undergone ſome 


| alterations, which he thinks will bring it to greater 


perfection, the doing of which would probably | 
take up four or five months. Mr. Bliſs was 


defired, ſo ſoon as the ſaid watch ſhould be ſent 
to him, to take the trouble of making ſuch obſer- 
vations at Greenwich, as he ſhould judge neceſſary 
for the trial thereof, previous to its being ſent to 
the Weſt on g 


ate" Auguſt end e Ine (his 
father wer chez preſent) was called in, and aſked 
if he had any objections to his time-keeper being 
ſent to the Royal Obſervatory for the previous 

B .. | 
. 8 A) the 


_ 
— * 
. 4 


025 
to the hininbbof the 17th Auguſt 1762; he MY 
that he did object to it, as he does not chuſe to 
part with it out of lis own hands till he ſhall have 
ru ſome advantage from 1 13 
Mr. Harriſon "then defired . that . | 

Campbell a gentleman well ſkilled in mathe- 
matics, may be called in, /and-afked his opinion 
thereon; which being conſented to; Captain 
Campbell was introduced; and being aſked if he > 
thought the previous obſervations. before. men- 
_ tioned neceſſary „ ſaid, that he was of opinion i - 
Mr. Harriſon will ſend. the. rate of the going of 
bis time-keeper before he fails from Portſmouth; 
and abide thereby, i it might! be ſufficient; but that Y 
he did not ſee any objection to the previous s obſer- 
vations being made aſhore as propoſed... It was 
then propoſed to Mr. Harriſon, that ke. ſhould 
| ſend the rate of his time-keeper” s going — of 
diately before he fails on his intended voyage) 

ſealed up to the Secretary of the Admiralty, 
and abide eee 8 ee to; YR * 

x conſented. . %%% Io $177 


4 
j 
, 
i FI' 
x 
1 
„ 
117 
11 
1 
74 
14 
4 : 
11 
41 
ff 
1 
11 
[1290 1 
= 
it 
: 
1 
1d 
. 
12 


- 
— 
— — - — 
—8— — —— — — — 

ae rr eres I IO. n 

n oY 8 ” N N 

J 8 * 
> * 
C74 24 p \ - 
— % X 


3? 


26th April, 1766. —The Board came to the 

following reſolutions, relative to Mr. Harriſon's 

Watch, area eee e 

the Earl of Morton, vize + a a ad F: 

That the Lords of the. PUSSY be 1 

8 deliver it into o the cuſtody of the Aſtronomer 
Roya. T3 1 
5 e 


(3% 


That it be kept in che Royal 2 at 
Greenwich, in a box having two different locks, 
fixed to the floor or wainſcot,. with a plate of 
glaſs in the lid or fide of the ſaid box; and that 
it be compared as often as convenient with the 
| Mer and the variations {et down. | 

That the form which Mr. Harrifon obſerved 
in winding it up, be exactly followed.” 5 

That the Lords of the Admiralty be deſired 
to give directions, that one of the captains or 
lieutenants of Greenwich Hoſpital may attend 
every day at the Obſervatory, at a ſtated hour, 
to witneſs the winding up of the ſaid watch, and 
the compariſon of it with the regulato. 
That a key of one of the locks be kept at the 
- faid Hoſpital, for the uſe cf thoſe officers, and 
the other. to remain at the Obſervatory, for the 
uſe of the Royal Aſtronomer, or his aſſiſtant. | 

That the watch be tried in various poſitions 
till the beginning of July next; and from thence 

to the end of February following in a n. 


9 1 with the face upwards. 


That the variation of the watch be e Ef 
Fe „ and a regiſter of the barometer and ther- 
mometer, at the times of comparing the ſame 
with the regulator, be regularly kept, and atteſted 
by the Royal Aſtronomer or his aſſiſtant; and 
ſuch of the officers above mentioned as ſhall, 


(42) den 
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om time ws time, anend to er te fad watch | 
FF 


iich April 8 reſpe&: to as MY 
offered by Mr. Harrifon for the trial of the two 
time-keepers above-mentioned when compleated, 
the Board was of opinion the ſame would not be 
ſufficient, and therefore eee upon the . 
ing mode in lieu thereof, viz. f 
That the ſaid oc nd com- 
| "pleted by Mr. Harriſon, be tried together at the 
Royal Obſervatory for the ſpace of ten ſucceſfive 
months, including the extremes of natural heat | 
and cold, and two months in the Downs; under 
the ſame precautions. of ſecuring the faid time- 
keepers (under locks with different keys, entruſted 
do different perſons) as were made uſe of in the 
voyage to Jamaica and Barbadoes; that in — 
the natural heat of the ſeaſon in the place where 
the ſaid time · keepers ſhall be kept at the Royal 
Obſervatory does not ariſe to the degree of 86, 
according to Fahrenheit's thermometer, an artifi- 
cial heat be applied nen to raiſe the ne 
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Felt ag . ei Snare RY 
et) of the Longitude, 
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 , APPENDIX, NIL. 
C OP r of Minutes of the Board of Longitude, 
* elati us to Mr. an 6 Ti Ir 5 


| * 1 
ee eee a ee e, 
Lotter of the 2d inſtant, from Mr. Thomas 

Mudge to the Earl of Sandwich, was 


- 


read, repreſenting that having made a watch or 


time- Keeper, which he flatters himſelf is not 


void of merit, and may be of ſome uſe to aſcer · 


| tain the longitude at ſea, he could wiſh to have 


it tried under the orders of the Board of Longi- 
tude. And the Board underſtanding, that Mr. 


Dutton, a watch-maker, was attending with the 


faid watch, he was called in, and exhibited the 5 


ſame; and at the ſame time informed the Board, 
that Mr. Mudge ſubmitted the trial of it intirely 
to the Board, either by Mr. Maſkelyne, in the 
ſame way that other time-keepers have been 
tried at the Royal Obſervatory at Greenwich, or 

in any other manner that they ſhould judge pro- 


per — Reſolved, That the ſaid watch be ſent to. 
Mr. Maſkelyne, when he returns to Greenwich, 


and that he be deſired to make trial of it accord- 


ingly, and aſter a proper time to report the reſult 


of his obſervations thereupon to the Board. And 


> 
* * b 
© on 


: 


mm 
Mr, 3 1 been made acquainted with ; 
this reſolution, and deſired to communicate it to 


Mr. Mudge, that the watch may be ſent to the . 
Royal e for trial . he with- 


2 
drew, 1 


Ath March, 1775. 1 he 8 — 
then delivered to the Board an account of the 8 
going of Mr. Mudge's watch, from the 14th ; 
December laſt, to the iſt inſtant, together with a 8 
 mong ſtate of a thermometer Rane near Me. © 


"25th May, 177 5. The ſpeaker Saad the 
Board, that Mr. Mudge had ſeveral objections to 
make to that part of the act of the 14th of his 
preſent Majeſty which relates to time-keepers. 
And the Board underſtanding that the ſaid Mr. 
Mudge was attending, he was ſent for in, and was \ 
told, that if Rhe Would reduce thoſe objections into 
writing, and ſend them to the ſecretary, they ſhould 
be taken into conſideration, in order that, if they 
had weight in them, and could not be anſwered, 
application might be made to parliament for an 
act to explain and amend the act before men- 
tioned. He then made objections to the place 
in which his time · keeper had been tried at the 7 
f Royal Obſervatory. And being aſked, if he would 
be ſatisfied to have the ſame tried in the 
tranſit room, where the other time-keepers | 
DAVE. been tricd? he declared he would, and | 
then} 
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ien withdrew; and the Ama Royal 
Was deſired to try it W Wu b n 


8 ” 4 ; ve 
ingly. OR ab n enn OY; 


* 

ad her, Pie? e Dutton attended 
with Mr, Mudge's watch, and Mr. Maſkelyne was 
deſired, and undertook, to try it again at the 
Royal Obſervatory, in the ſame room wherein Mr. 


e watch was tried. vob nds 


5 * a 


"tt March, 1777-—=T "A "Altronomer. Royal | 
reported to the Board that the watch made by Mr. 
Mudge, which has been at the Royal Obſervatory 
for trial in conſequence. of the reſolutions of laſt 
board, had gained in 109. days only "of 19% and 
that it is greatly ſuperior in point of accuracy to 
any time-keeper which hath come under Hus 
inſpection. And the Board, underſtanding that 
Mr. Mudge- hath, an intention of making two 
other watches of the fame kind, i in order to endea- 
your. to obtain a greater degree of perfection, 
provided he can haye ſome aſſiſtance from them 
to enable him to do ſo—Reſolved, i in conſideration 
of the very favourable report given by the 
Aſtronomer Royal as above mentioned, That a 
letter be written to the Navy Board, deſiring them 
to cauſe * 500 to be advanced to the faid Mr. 
Mudee, to enable him to complete two more 
watches ee. 
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"I I june 15). Reſolved, That a letter be 


Vritten to the Navy Board, for paying Mr. 2 of 
. $00' ordered by laft Board. £ 
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| aid November 1779. n able Wel 
reſented to the Board, an account of the going of 
Mudge's two watches, from the 10th 9 
lat to RPE fue. , . 
* March, 1 7 $5. The Mica "FY 
1d before the Board the rates and going of Mr. 8 
| Mudge”s t two time-keepers, Blue and Green, from 
the 21ſt April, 1779s to 29th February, 1780... 1 5 
. wo pe 93 1 7 12 em Royal 
| il acquainted the Board, that Mr. Mudge had 
deſired to have his two watches from the Royal 
Obſervatory, i in order to make ſome obſervations 
0 them ; he was told the Board had no ob- 
w_ Mitch, 151 be Aſtronomer BY 
8 preſented to the Board, an account of the going 
of Mr. Mudge's two watches, from the rſt March 
to the 14th and 15th July, pc 


. 5 loch Juhp 


"x we ) 


e 1983.—T 
food chat «Mr. Dutton was 3 ue din 


* called in, and produced two watches from Mr. 


Mudge, which” he deſired thight be cried at the 
Royal Obſervatory. Reed, That the Aſtro- 
nomer Royal be deſired to receive the ſaicl watches 
under his care; try their rate & of going, and report : 
| the reſult to this Board, ; 


SF) $0092) 101% 266120361, tots n ans 


e 


c Match 1555 4x6 Aſtronomer Royit 
| laid before the Board the daily fate of going of . 
Mr. Mudge's time-keepers, diſtinguiſhed by t the | 
titles of Green and Blue, at the Royal Obſervator ! 
at Greenwich, berween the 21ſt of J * 5 W nd 
rit * ; F 


| 1 
2 1 * n * Dx : : 
"7 7 ; I; . * . Ex 4 1 7 * Br 18 * 7 4” 1 


24th At” I 75 he A ond 1 5 
delivered to the Board an account of the rates Of 
going of Mr. Mudge $ two watches, from the 5th, | 
March laſt to the 21ſt Aughſt; alfo calculations, 
of the total variations of theſe two time-keepers, 
from the 21ſt of July, 1783, to the 21ſt Auguſt, 
1784, by which it a ppears that the watch Ciſtin-, 5 
guiſhed by the appellation of Green, varied 


1. 25%, in the firſt lin months, php 2001 
Auguſt, 1783. 1 
7. in "the ſecond fix "months," begin | 
enn 20th February, ä 
LB! 


© 35 2 
- 


E. 2 + 4 


1 5 OY 4 in n dhe ſecond fix: months, / 
ee 20th n, est 


RD Fs 3 8 rates of * up are not 1 
deuxact enough to 2 the great Feud 9 by 
| s 12 of Parliament. 
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2 November, 1788. he ee 
N Royal then informed the Board, that Mr. Mudge 
had made ſome corrections and improvements in 
his watches, and wiſhed another trial might be 
made of them at the Royal Obſervatory at Green- | 
wich. — The Aftronomer Royal was th | 
' defired to receive the ſaid watches into his are, 
try their rate r che reſult to the 
5 Board. | 


— 


1 . « + 
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1 (2974 3 1789 Erne Aſtronomer Royal 
' laid before the Board the rate of going of Mr. 
'Mudge's two watches, from 24th WARM laſt, to the 


3966 0f een. r \ 
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ch March, 1790. Te us Royal 
d 4 farther 12 


em „ 


| Mr. Muce's en ede, be che end} of lt 


| nk eee 45 | 
a further report upon the rate of going of Mr. 
Mudge's two watches; and at the ſame time in- 
formed the Board, that the year of trial directe 
by act of parliament to be made of them at the 
Royal Obſervatory at Greenwich, was near ex- 
piring. The Board were thereupon pleaſed to 
direct, that upon the expiration of the year's trial, 
the ſecretary ſhould acquaint Mr. Mudge, that 
the report from the Aſtronomer Royal, upon the 
rate of going of his watches, would be taken into 
conſideration at the next meeting- of the Board, 
on the firſt Saturday in December: and if in the 
mean while he wiſhes to have them returned to 
him to be cleaned, previous to their undergoing 
fuch farther trial as the Board may direct, he is 
to make e for 800 to the Aſtronomer 


Royal. 


4th December, 8 letter was read PI 

Mr. Thomas Mudge, of Lincoln's Inn, declining, in 
his father's name, the offer made him by order of 
the Board, of having his two time-keepers re- 


turned to him to be cleaned, previous to their 


undergoing farther trial. The Aſtronomer Royal 
then delivered an account of the rate of going of 
| 8 — 
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hg ed; Tha. e Gat 
e had not gone upon the twelve- 


month's trial with the exactneſs required by the 


aft of the ran of the preſent king, tho Board 


2 23 
. 72x 


flected upon in a pamphlet publiſhed by Mr. 


Thomas Mudge, as being particularly intereſted 
in the improvement of the yarious aſtronomical. 


tables in uſe for the diſcovery. of the longitude, 
and of receiving conſiderable ſums of money 


. from time to time from the Board, for the con- 
ſtruction of them; and requeſted the Board would: 


by ſome minute or reſolution vindicate him 
from theſe aſperſions ; ; and that they would per- 


mit him to have atteſted copies from fuch of the 


ee eee, eee LE INIT 1 
for his juſtification. 
And the Board having 2 the ſame into 


= their conſideration, unanimouſly reſolved, That 
the Board have never ordered any money to be 
paid or impreſted to the Aſtronomer Royal, for 
the conſtruction or improvement of the tables 
above mentioned, or any other work, but what 
hath deen, and is expected to be regularly and 
r accounted ory without any benefit or 


advantage. 


34 March, 1792.— The Aſtronomer Royal 
repreſented to the Board; chat he had been re. 


— —— —̃ — 
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members of the Board know, or have any reaſon 
to believe. 


advantage whatever to himſelf, ſo für as the 


*. 


tre 5 FEED 


* * 
5 
. . 
3 as 
* 
* 4 * 
” 
8 17 . 7 1 by - 
" 1 * ” \ - I" 
* .- * * x * * * & * 
* > FRE - , ks 
s & 


| Reſolved, That the Secretary be directed to 
furniſh the Aſtronomer Royal with atteſted 
copies of ſuch of the Board's minutes as he 
may think neceſſary for his juſtification'; and that 
he may have leave to publiſh the "ſame, if he 
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| SIR. : {liv 3 e ods” + 
C2 J 1 BRUHEs- very exact obſervations  _ 
and rate - keeping of three time- pieces, a 8 
pendulum clock of Mr. Mudge, a time - keeper c 
— artiſt, and a pocket chronometer of 
Mr: Emery, have firſt given riſe to ſuſpect the 
1322 and the equation of time, in 5 
the nautical almanac, ſometimes erroneous, and 
which the moſt remarkable rate of going of thoſe 
three machines could only have pointed out; for 
as it 1s: beyond all probability that three moſt ex- 
cellent machines ſhould altogether, and all at 
once, be affected by the ſame jerks, ſo it is more 
| likely and more rational to put them on account 
of the ſolar tables, or perhaps on account of the x 
errors which may be committed in computing 
the elements of time in the nautical almanac, 
| and which are uſed. to reduce the obſerva- 
ons ** * okien com- 


"Fs * ; - Plamed, | 
ö | 
; — f 2 ' 
i 
* 
i - 
6 % 
Pd 
Woo — neg en ten A» 
7 3 
F — 
„ 3 = 


0 00 


plained-to me upon e eee = 


undertook to calculate theſe elements verꝶ figo- 
rouſly "myſelf, and upon examining this matter 
with mote attention, I very ſoon fotind opt that 


the ertofs and orfliſſions in the nautiqullalmknac - 


will ſotnetimes lead into errors. of very near one 
ſecond in time, which has therefore induged ys 
not to uſe any mate u datum of the nautical d|ma- 
nac for that purpoſe, but to caleulate qur oxn 
equation of time and right aſcehſion Herb, 
and by the exacteſt theory, in order to find qr 
time, and. to keep a fair and more exact ' regiſter 
of the time-pieces, which being brought tod uch 
a pitch of perfection ate indeed in che ſtate to be 
attended eveſ as near 48 0,2 of a ſesohdt his E 
cellency, as welk as myſelf, always pferending to 
that preciſio in all out obſervatiang, | "This fact Bs 
mentioned to you, ſir ; you deſire now ſom pro 
of it; here I have the honor to ſent you ſome 
Let us for inſtance, look for the Hs A. R. and 
equation of time in the year, 178 3, June the aad: 
the nautical almanac gives ou for the ſorme fe: 


4 36% for the lacks.oþ , %. n 


: wo 
tion ſtands thus * 2 
/ 0 ; 2 © £ ; v Q 
| 85 a. ; 3 > . ö yu 4 
= FAT 1 $4 $2 aw hae.” 
a ” 3 * Ay * 
— * ” # 
"ag *Ly 4 Ps th 2 
* . * 2 - A, 7 * a 1 ; * 
%, F4 q We 14 
1 k — . ” ; 
* on 5 *** a+ 
87 Y $4 KW, 
© bo 4 2 * * . 1 
, ; 
” — * * 
-_ * 1 
. P 
; 3 | 1 
" „ *.- 
SS DAT 7 — 
david 


* . — - 3 g 
WE. * 1 —— 
= 1 } 
nN. ** : 
4 1 +» ad. a - 
E 3 17 — 7255 | 
N W * * * * * 
N +4 1 4 
my v7 = by A = iS | 
\ 11 tw FI _ * * * £5 2 
\ ## 5 FSW 6! © N 
. S*% —4 * 9 5 
þ he” "5 5 % , . 
. * : 
P . 9 ; 9 . 
* : ** * a 7 TJ 
8 1 4 | 3 
Sy Sx N 
þ £ 2 
23 1 - 
: os 1 
a £ * 7 S 
* 4 * * * * 
* 6 be. 1 3 S : r : 
IF 1 2 => 1 
of * 0 H 
8 «4 9 ? 27 . — 
+; l 8 


# 


: 


| 


El 


. TS i 
++ 


2 


_— 


x 
#7 


vs 


*34t CY 


- 
, = 

— * 
* . 7: & 
* = A 
* „ 1 
4 f 

4 


- 
v. o 

ore « hae . 

* 5 — 


* 


* * . 1 -45- * - N 


Lo 


2 en 


* bs 

& 5 
2 * 
23 £68 
9 7 
W „ 
* 

* 
Tut A 
* * 
* 
1 * *%; 
g 1. 
6 4 


13 


re 


1 
= 
0 


w - 
AY. « ? 
4 >$ = £ 
a 
1 


- 


7 


e 


K. 65 


25 


0 „ 5 | 4 


7 


— 


5 


1 


Pay 


- 
« 


— 


— 2 


5 t 5 , 
Obſerving 1 noon 2 
| hots clock in ſiderial time 
and redueing it by the AR and 8 
_ equation of time to mean time, of 95 
the error committed will be 1 5 
EE MWD 
m—_ of time omitted * 
in "the nautical almanac, it can iin 


| WER 
* 400 2 

5 ww” 
4.53 % ITY; 


amount when at its maximum 1 ag 2 
The difference of amraction Ps. 2, 
as ſettled by Mr, Lexell, accord- | 5 


N . 
and which enquiry Dr. Hornſby - © * 
has occaſioned when Mr. Lexell _ 4 5 
was in England, will — he 


| when a its maximum py 15 
8 4 "2 — 2 3 6 5 
we the erin cut . * 


e og indie | 
2 2 | 

Errors of 0,2 in ind: wil lf 1 ; 
1783, June 21; 1786, April 17th; which ſhews 
ſufficiently that attention ought to be paid to 
ſuch differences, by no means trifling, in keep» 
ing exact and true regiſters of time-pieces, eſpe- 
cially if they are kept after the method in uſe at 
| the Royal Obſervatory, a method diſapproved 
by every body who is acquainted with that ſub- 
ject, and which, inſtead of encouraging and ſup- 
porting the genius of artiſts, tends rather to abate 
| (EC)2 es FO 


"4. £* 12 
'4 = 


| riicular th 
250 e 1 . 
ing. the Aſtronomer Royal to 
LET 7 15 20 


5 1 - 


1 


1 = the -—# 1 5 Aber 
Vit your moſt humble, obediens ſervant, 

mir al N. 0 | 30 200 S59Þ 4+ FR. (ZACH. 
. Sir Joſeph Banks, Bart. 

daten af the . X> 0 ain 


"IS? 11 ems "7 £ N N 42 3 08; ar 
9 DARE 0 * o non ac Wann 


DI fi Hoi EIT Gt at noma ti gy; 
* Dl ot bo n 213.5238 3055S 16 vwolly © ww PR 
lovorgq#}tb Doom 8 Wanne N 18 9 4 4417 
el 5 A Þ Maler p DU 4 og * ονον ve 


—4 
bod 
— 
* 
. 
* * 
* 
a 
7 
— 
3 5 
* 
1 
9 
8 * 
* 
* 
* 
— 
—— 


— 1 £ ; | | + a 
| <Q OE CE w, ee ne doula bak. 35; 
WS. KS 
FT | —_ 4 — " 4 TW * 2 x *. 8 
Aren 07 1961761 bn ENTS 10 HAN 115 une 
” # 7 


#* > 


„ > TYLER 


1 
+ oth — wn; 


” 


* 4 


S $66 4. 


_— 


2 Oy e yaa" se N 30 81508 
| a 5 


* 


. T oy — e 2/90 2 
a cat gon l; . 8 0 * Ht: FF = = 
„ 6E£ ile 2 Se A pt ; 41s 2 £ fe gu bats 1 2 
5 eee 544 | des 9 0 + x — 
— e gc K. 14 ese rr at * * 
ü 1 . 2 + 11 Ne 1 0 Tings Ar N K. 
82 erer 855 1 + $2468 0 4 [acres 171 "LL: Il TR +1441 0 There +| 411 pady} | 
|: vyz'01 +11 9. '21 +]8r%9gt o uu Geyer +| +11 51 ag|[4 © £1. + L Er ee Wis 9641S 1. +| 11 "arg 
EST — | — — — — 
133 „„ . TOSIS "1 lo „ % 456% o 44615 © th 
as Te +[6brfro f 48 ol 147 e 48-0. +198 0 eee +] 
| SI SIDE MIL ME as oats 5. 
n kee een 
bens G1 Hm ot” | wo777 EBT WT | 
_ 4 . Err AR : 5 n rer! —.— by Ar eee 96s <11aog[: E AO 
y urgory þ 1 ub N 1 e 4 10.1] an t | {hand 2 bee i 3 5 
4 {OUT þ . F 4 A dens * 99 Rl. + l A Lees | 
7 — : — PDE: N * a . Is ba I - 
A 7 8 T 20 5834 Den e art ed 0 en yar; 0 E 3 5 
_ wy kd FT i wolf Ort 45 + e ot 88 eee ba uf 0 * dem 1 kn > 24 
I r 1 x | . tort. 
Ll * 2 30 IDVAI Sax 


— 0 , 


— 


— 


2. 
* 


5 | 


* 
n ˙ Gr rot 
. 4 I * 
- * * 
- 


of F T 


La } * r — 


Sr 
* 


sens 4 + 
C</£ S2 +: 
40 :1z+ 
$642 91 + 


8481 . + + 


2215 4 — gy 11 + 
n F171 's 


N 5 To 
os + 


? Fi 


3 4 


$411 014 


5846 A o * 
of 8 _ L765 ο + 


ob · I · 4 ese 1 + 


ASD . 


þo ry peg =p 3o majy 9p ny 02, rk 


2 e 
8 . 22 8 


» — head 


þ; 5524 A — $6264 


n Aung 50 ns 


* 


LED; -> . 
Tg. "Wits 


„ Ag” 3; 


gE*E2 0 — 


1 74 
| 


[YE * — gert 9 1 
1 * — N 


— 


21 1 + 
28650 — * 
296 


11⁵1 · o — 


0 5 
7 


*6LL1 af n "4 


«06 yay wo 1 * 


PL 


* N 
* 2 2 
. * — 
” SS 
oy - 
—_ £7" 
"\3 3s 4% 


oy; 5 
tk 


_— _ — — 


; 
= 


APPENDIX, 


———  —— 


— 


2810 — 0 


ud. 


ooffy 6 


= 
82 * 


18. 11 
oF Ze 11 
Og SE "Otoe 
— 


og. — z 


EO. an re 6 
THEE 384 


— HEL. 


— 


: | 8 


8 


N D ein ym 
40 n 


+ 4 


'T 51 


belt. 77 . 
FE 1 1 . 
$FoS "gz + 
GETS tz + 


t 'g1 4 | 


— — 5 


gf «fy 1 + a 
esl 8 


FeS £ 41 | 
18 ＋ : 


* 


1614 «x£ Ar 


mog ern 
a 5 


. 
1 


WP „ LE 0 | 
nN ad . e > Jong 9 59 es ary cy 


” 


— 


— 


4 


— ** — 


r 


fo 


a ell « <mg ad «rat 29.0 e wu 
TA N XIGXAAAY 


1 — 


APPENDIX. 


: 
* 
1 
9 
5 = 


*6LLx If N 


4 = 2 


2 


$2 


1 "TT AY Nt 


"a 0 Nano | 


hep 30 "ung 


2 Gas 0 — [Li's 6 + = "dog [2541 +: "z Þ A 
62 o — 
if - Srof - 0 — Pes 9 +] 


8 


1 aue * LLESE * + Lack s 0 | * 


1 


> — 


of 0. £ + 


gets .+ I ar 
TE 1 +7 
i 5 . + 


| ine y 4] 


7 


'OZ D < 


: 


| 


o H e 
Df AEN +} 
o qe Oo 


. *þgL1 | hed 
1 " oy 
oN eu 


5 &&@ || e ee 


. 4 


I 0 be 


= 
# © © + 
TIS, 


W bu * 


N 122 £7 Ve 2 wy a is tat nog na pg ah 
Dann Ma | 


609 1 7 ; 2 


| Sy yas | DAE] ae 


u Jo ang | 


eee en vd | "20 4 ape ary hug am 2] 


» — 


a D CD aa = 8008 a LIVELSUY = 
W 


Fr. 


„ 


1 
*. 
RY 


= Ki Ms he l 69 9925 61 + "EY 'Z + beg gur * 
. | [ 11 11 oss 925 118894 +[gg' it 61 + 
24 © HL: Nennt e ee 


5 
| - 
| tr T suse 511 «gh · 5 +| * th 
#4 +]u$6-n+15rr1# +]grgh-fr n 3 ctes s % +{6444 + + 


12 * 


APPENDIX» 


| ns "OX 0 
': lag! + WF E : 
jo — * ee 
; >| 55 2 4 4 2 + =; '0 een +08. : 
| 9 4 2 1s '8 +10? {E510 +190%5-0 +|08 
ROY 96995 Ii pr 44 -Jr "oo Joo .o 
N s ＋ F + 0 14 | F 3 * *; * » of 0k ' 58401 on 0 | on Fe oper] „ 4 TY; bes q 
| A f | } X * f — . a — . v7 * — Yr — * . | — 8 ; as | 
- * e e 
. q PS 5 ns | {may mung ; 3 wng, | Led Jn 
| 3 . — —— bo * > OY, 
* 72 It 12 13 0 — 1 #71 TI ly 2 


5 | 460 5 iy 0 leder g , — 
. eden n 605 4 ny nem 


GE _ — — ͤ——u—— | 
* * pus Cyl ur ald CY «paz my ee „vad | 

. i | | 
' 


4 232 


ss 0 + 5 


| a NY 2 
%% OO Teatr e Tn ＋ +2 20 


( „ 1074 (oT [p£*7Zt + Tit o Tig o TI +2 N 
* 4 3 5 855 f 
| 1 | 855 0 + 98. 9 98˙2 eo | 

| * 

* 85 
| 55 

— | | 

3 2 3 — 6841 +2 un 6 11 ounſ 1 t on 48 r aun *6g41 un ny 4 
=. 22727 T | Le vonets | wozy e 5841 


Ee eee eee eee, 7 [*a pradueg' ae „% wg | 


ö 
7 . : a , 4 , 
* * 1 1 . 2 3 5 8 2 1 N - n * it 
* ( alt 9 * A E - * * 1 — —— A „, —_— — _ * — 2 — 5 G EE + 
* 
=P , 
5 N 1 
* * Pi 


e e age erde, is . . 
bo a 30 oye 5 ns 9 n 1.6 gh eprm eng Ana —¹ 


APPENDIX, 


; 4 N r ð d TE OE — = 
rs Ln ke oige n 2 en 40000943 aura LIVSLSEY | 


5 4 * . 7 
= <3 WF ; . * 1 
» Rn * ah ; 4 8 A 4 , 
o 87 Þ» * NR 1 a1 1 4 a \ . 
* 75 : . " Me. Parry” . + | : | * ls 
| | 2s as E nl 2 
- „ a * 
* N 1 \ . : — 4 
4 1 } 2 1 4 4 mea . * 5 
- 6 % 
; * 
— 4 \ N IDs 
4 { 5 
- 
3 
* . [ 
* 
1 5 gs 
AY 


j 


* 


- 
7 gta 3 A ů—·ðꝗö 


— —. — > 
o v + 5 4 8 N 4 + have « \ mt 8 
if-9 +[8 * + 58211 — So TIA 9 . — +2 AN = 
S£4.9 +] «gf *9 1 97 0 feen r 4E . vo = 

— — — — — . 
11 5 / 65+ FRS 6 — ae eee —| +: a8} < 

01+ +5 A 4 16 * — vo ol.» ee e 
5 + +5 e 3 Tory e e 


3 98 3 les be ee ent b 
eee 


„ 


5 8. 
ü me SS ji # - 
* a 8 mung * 9 nn. > af 2 ” r * 


3 


sl. par 6glr ir e vg a0 10 30 Sao aq p. LIVELSEY. 
_ X N X10 N Ad 4 v 


1 5 „ 1 bi, 
; : f "OY — <4 + Wa 12323 >, | | | 
a Io RE „ 1. 28 + 6b + 40 A 8˙ 2 *$1 aun A : | 
ol mrs ee +| 221 | % 806 12 ham}. 2 | 
eee eee e een eee: be} * 
1 . 281 2 A © g | 
% ; . 1 \ SF 9 — £9*6E 11 + — 4 = A 4 42 4˙35˙9 +. ——_— *x% *£ + . *£x N 1 eee 4 4 
3 62 9 — Loft "11+51 - 1 c | 9 8 + 71 In y geg 2 + *£x * 94 : . - 
FETT N Tieren „„ 
POR $49 ee enen e 72 F 
k 1 . A 1 Nui Y CASES £36% If 4 1 + a 
| . BSE * - 
r — 648 BN 
| 5 1 . ˖ 81 — * ro qu * prey 22 IT "I | 
FRE fig us d youre | xig me mon A 1910 8 
a | * e 15 E 4 5 : 
* | ; 1 , | | — — — 8 % 
W 5 — = | 7 TT ms bi = —— — * AN ona —— — * N 
VF T | UMOP 32 PN 1 © 
. 0: 2214» I. 8maogo; a 30 unubloo * 2 p * 3 
BE. do Sag en TRIBE. + wen yay'anp u An 9 7755 EG, 
een Apr >) eg 3530 pong Nee ur Wok! 2 . 
„„ u pole een. ο,He 210 zo 3 | Px . = 
3 3 : 3 * . 8 4 5 +: =. 43 9 „„ an > — — n * þ 5 3h 
? 5 : J-. 4 z F " * Ep cm 3 -+ * * Pp * 1-41 N A. 5 4 FOE * 3 * 7 * N — | - 2 : 
— PPG TI: — 3 eee, e ee ee 5 —— — — ; 
| 0 — e | 3 ; | "OY | 


4A 
5 
bw 


| . 
+} 281 . *'£1 + PT 90 ͤ , ＋ 515 5 | =— 
+] zg1 Lo*lÞ r AN $þ4£ *9 + £1 ke | — a 
+] 281 Si rt Ut + *£1nudy 1} = 
+] zgr 91-1 + 1 dag 891 + +7 8 I 2 
+] zg1i J$6491'01 + +F1*'3ny 4822 + 11994 9 
+ Ws as +1 4jpſ este I + *f1 *ue | < 
Z s $3 © 7 4 5 1 | 
—_— 22 . 
. Sage - . paar Win 1 | 
g OJ] » RTE CEE £ | 
=$moyy | 3” | © obo tr eqn 4 1064r thr 29g | 
+- Le 1 — © Wouy ene a 19101, 
Jo Un | © — —— 


* N 


» 4 Ln”. a * F 1 


„ + 5 Surmonoz =p) 30 WAS} at 
2m 1 unop 335 E W 30 _ an 11 * + = puojy gy & m ur gu ag 
mog une Buraq awry Arg n su xy 30 pong nexagy ur n s. uon 
88 9 Pofles 3 aα,jẽ N Jo Ses PP L Durs * 5 


e XI daNAaa | 


1 1776, 10 


-] 
4 
. 27. + 114 | 
| 5 7 Feb. 3. . + 0541 | | * F f 
5 10. + 1,11 . 
5 : 29 17. ＋ 1,08 5 ; 
. 3• 4 + 2,70 | | 
n =” 2 10. ＋ 2,58 | 7 
: "TY 17. —+ 2,28 a \ 
« bo age * r 
26 | | ER | . 
—— ————— | | 121 8 : 
, — 5 - W hg 7 5 
* , a 6 4 — 
3 APPENDIX, 
| | 8 2 — 


* 


FY 


* nos ur 8 


| ogg e ee 
| 1 


— 


ern 


> 


*þ 


3 ö 
16. „ lo nes 4er ounſ 
een eat e 16 law 
e 4 N Fett: + | 6z nudy 
1 +|'6e N 
| 444 4. 1 z0 + +} 
: « 11 4 8 5 [ : 
A 
ot [£6641 r T 2q 
£6441 1 Tl N Þ ; 
e + [Fong 2 0 
* 5 is 0 +]+z ads 
— * ss 0 [tz NY + 
05701 ˙0 — 8970 = + 
| 8 | : 10. ts 
I EY 
N „ n — Luo 00 
b - 97-42. poco Lud J ung JO + 
een , 20% We: 
: | 9 | Jo Lone, * | 
—”_ : 3 23 5 
Pond BY 


- 
„** RF . A M 
- 


ent en wah Ind 20 n 0 Bormh dg uo x9: J so 
O joy h a8 h Yor 1 21-30 * m 30 0 : 


Ax N X 1d 4A Av 


_— — — — 3 


* 


« 


we ad 


N ws 


- $57 


Jon : 
ebd. 


eee 


| SPEC 


+ 4 42 4 


u ˙² N 8 HονS XIS 


Zufpoosid 
u αν⁰⁰ 0 
MN uk na 


U ze 


1 
4 


\ qe? ut YAN 
eine 


e 


IIe N 7 
Wag 40 PEA} 


55 


0 08 o — wy _ * 
oY © * r 7 


bees = 


A 


— — 


C 43 2) 


% * 


enen 175 A "1 


18 


44K 


KrfIN5II 


» — — _ — PIE . _ bs — — 
. E * | | W yo 7-3 | a | ; 
oe '- +” hn, Hay > rn 
I is +Þ N e Ae t og a Fr 
gr o oo. - + bf, o * =o 87 — — 91 „ E— —e—: re 0 — oe Pf —»— gz —— 225 91 
$60, See 0-- . en = - {tro - - —[tz.—-.—£&. 
0zZ'S 52 2 — Dr — + 9 we — 4 7 — — — c 0 - =: + Þ+1 —⸗ faq T — 
n — , — — — 
co - - +$|rv - - +] v0 9 F I % - —{$i0. - - +|5 
9 0 = — + = 9 - 8 X E YT 1 N — - + be 993824 — 
ce . Sp £634. =. * WD. -..- +* 
© 0 - #- er — 2 2191 dog 0 1 — 4151 0 - + 
„ nt | | *6gLx RS... 
et £22 +4 F i ' GS --* e 
, —_ + l 2 PP _—_ 
...,. ˙ . ˙ = 4-1 NEON 
| un trpaoaad qua u a urpodoad qu vo; | 3uip232.id yum vo : 
| $hwomaryy &q mg -zzedwoo 4q Ong. | ee why Jo porrad -zedwoo- Aq aan} tudor iq waarn "$3904 EY, Jo 4 
N Jo 4027 / 1 wa Jo 40417 + | de M Jo — de N 0 o 
OI — — W * SN - — 


+ % , 
1 a G 9 3 - - ws 


SC OS "ny 
A vo — 


®. + 
10 » * 
: 
: 


8 — 


—_ 


| 35 M Bupaoad | pes in! 28 
beef ay. uf Sih0B eh M $4221 U go spbprg 
h xy jo anod [ea 


9a ur "uf * ward, FEI 


oF cr 


fe 


(4,98 3 


"TAX N X 1 NA d 4 


pur 8515 M x Jo o 77240 Maped! 


So 1ny1 30 uonredmod 4 


13 = 
ae en 


LIT 


—— 


| 


» % * 
N = 
A 
5 bay 
95 - 


» 


we 


APPENDIX, N XVI 


Error of Watch | : Error of Wack 
Parie 
5 
_ 


n with 


Blue, by compari» } _ 


” 
ett. 


my TON 0G” "a 
26686; 666 
6's TN z » 4» 
<9 Va 


- * 
— 


with prec 


ſon 


d 4 
" 4 1, 
1 — 
* 
9 $58 1 
* 


ia 


3 
* 


Period of 


** 
8 * 
© Nov. 
— 
— 
— 
© a Oe ee 
— 
— | 
* an 


— 
— 
a 


* 1 e * * 2 
of 1 
| o d 
* 5 f * * | - 4% ” 
0 * 
E 4 _— 
*. 7＋ 


— 
* k 4% wy 
© tt. 
— 
a k 
- 


-- 
2 


with 


Error of Watch 
ſon 


% $5 


. 


EEE 2 


118110 
. 


4 


yo hy 24 28 


— — eer— 
— — . . — — 


? = 12 
„ 

r 
12 1 2 4 4 92 


171 [+ +++ 


| 


ecedi 
2% yy 


by compari 
fix Weeks 
ix Weeks, 
30. el 
— 0. 44 
- 1 29 
wa 1. 
_ 1. 3 
hy. 1. 
— 1.2 
- FE. 


<4 © gn 


441 1 , 


+++ +++. + 


N. vs £ 


Error of Watch 


Green, 


1 


ſon with 


Period of 


Oman Gor 


58666 666 
4 8 1 T3 „ 


i 484 
eee 


[| y U 1 


A 


N 6 CEN” — CI wa 0 "=o >» 
; , — 4 Q — | 


— 
Period of fix Weeks. 
„ A «#5 4 * 

* 3 o 
: — 

as * 

* ; 

2 


„ 


— — 


A 22 
* aq 


— 3 wo 2 

RS RACE 2 n & 

n 66660 66-6 
OE BI ue ß 
090 6 Ta gl on 1 
Alk +++++_ Les | 

| 6 8 0 6364 rs | 

e FTI n . 

„„ , „ 2 


III ++LLLL 
. 8 82 N 
311K 11 8114113 
112 11181 1115 


m © ma 1 00 


toMarch 1 


17 


* 


— 
* 
. * — 
* ** 
# 
. 2 
- I, Is 
s. A 1 9 
* . - 
2. © I 
4 . 
* 2 
1 N - 
ON . " 
1 ' 2 — 
4 SM "= 
* 9 
"=. oy 
$4404, * 
„ 
- 
t 


Q 
T © 0'Y 28388 — 
„ * - - on 8 
366 6 e: 
ff. NM HAT I 
** 1 1 15 978538 UD $07 0 - | 


. 


— —_ 
Na 222 


. 8 n i 7 
26665 66466 384 «66 
1 „ 12 
enge 0%. 4:48; EY A. 111 7 | 


+++ 11: 


{| OP Obey es er he wr at v 2 tis een r 
| | 5 7 . 2 td 2 * : | Le ON. EZ. * 8 PR 
N k * 27 Ke : v2 , » ' bs, > EY F 
: . © . 
EE | £ = 1 3 1 
i 2 © ' E * 9 929 43 43 99 2 2 
| 2H : 1 
1 7 
3 © 6.1 1 , I — 59 4 
f ＋ a . * | 
Es” 2 APPENDIX, J VII. 
"I 
{ 8) 5 
4 1 8 4 
F rt 44 1 
bv „ . 4 
4 * . of Dr. de a 
<< J 
1 
"70S 


FI Bradley 's valuable x OHA were emads 
| in the courſe of twenty years, from 1742 to 
18562, and conſiſt of thirteen volumes, in folio. 
— They were removed from the Royal Obſervatory, 
"before I was appointed to the care of it, by the _ 
Doctor's executors, who thought proper to con- 
| Geer them. as private property; and during a ſuit 
inſtituted on the part of the crown, in che exche- 
guet, to recover them, they were preſented, in 
11776, to Lord North, now Earl of Guilford, 
| hogan of the Univerſity of Oxford; and by 7 
him prefented to the Univerfiry, on the condition _ 
of their printing and publiſhing them. The Uni- 
„ verſity put them immediately, for that purpoſe, 
into the hands of Dr; Hornſby; Savilian Profeſſor 
45 8 and Aftronomical Obſerver, at the 
+ new Obſervatory founded and endowed by the 
* truſtees of the Radcliffe money, whoſe bad ſtate 
| of health has been alledged as the cauſe of the 
delay of the publication. Being in great want of 
| 1 theſe obſervations, to compare with my own, T 
5 w aged on aa a9 of an 
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« 37 P 
to the Rey. Dr, Cavk, Mies aner of ths 
Univerſity of Oxford, enn e 


an % FE 10. * 


_ Royal AY at pile he 
Dec. 22d; 1791. | 
g Sir, + hs 

FROM the very reſpectable office which 
you hold in the Uniyerſity of Oxford, you are 
doubtleſs informed, that about the year 1776 the 
Univerſity received the late Dr. Bradley's aſtro- 
nomical obſervations, made at the Royal Obſer- 
vatory at Greenwich, whilſt he was Aſtronomer 

Royal, as a preſent from Lord North, now 
Earl of Guilford, their Chanpellor, on che 

condition of their printing and publiſhing them: 
and that, ſince that time, à part of them has 
been printed, under the inſpection of the Sayilian 
Profeſſor of Ae, though not * * 
liſned. 
1-4 Frommy gelt eſtabliſhment in this honourable 
| poſt, to which his Majeſty was graciouſly pleased 
to appoint me, near twenty-ſix years ago, I have 
always ardently wiſhed to obtain the uſe of them. 
They, were made with inſtruments conſtructed 
by the beſt artiſts, and moſt of them ne ones, 
provided at the public expence, on the joint 


requeſt of Dr. Bradley and the viſitors af the 


| Ropal.Qbſervatory, and are highly intereſting to 


4 
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Rronombrs in general. ible ale fart f 
r | 


ion of and in the uſe of the fame inftrumens == 


with which they were made, I want, -and have 
long wanted them, to compare with my own ob- 
ſervations, and to dire& my future ones to im- 
F: | tg points capable of compariſon with them, 
ing to a_more perfect knowledge of the mo- 
tions of the heavenly bodies, for which the Royal 
Obſervatory was eftabliſhed. ' 
Jam in poſſeſſion of all the original obſervations 


made by my predeceſſors at the Royal Obſerva- 


- tory, except thoſe by Dr. Bradley; the want of 
which makes a chaſm of twenty years in the ſeries 
\ from 1676, the date of the foundation of the 
Royal Obſervatory, to the preſent time. P bre 
For theſe reaſons, Sir, I requeſt you will favor 5 
me with a fair copy of theſe obſervations as far 


as they are printed, and indulge me with the 


meets in future as they ſhall be worked off from 
| the preſs, if it is in your power to diſpoſe of 
them; or, if otherwiſe, to convey my requeſt in 


5 de moſt refpe&ful manner to the learned Uni- 


verfity, over which you preſide, or the delegates 
of the pref, or whatever body or committee have 
the diſpoſal of them, to grant me that favor. 
All my obſervations made at the Royal Ob. 
rende from 1765, to the end of laſt year, 

ſave” been printed and publiſhed, by order of 
| his 


Nu 


* 


8 Royal Society; by whom copies have been Tent, 
and will be continued annually, to your Bodleian 


Ade e W's 3 Gen f me 


Library, and new Obſervatory, built and endowed 


by the truſtees of the Radcliffe money, and the 


Savilian Profeſſor's Library. I requeſt the re- 
turn of the like favor in a copy of Dr. Bradley's 
obſervations; and, from your known liberality 


and regard to ſcience, I flatter myſelf you will 


exert your beſt endeavors to fulfil my __—_ 
| Sir, 


SS Your moſt obedient Servant, 
; 4 Copy. | NEVIL MASKELTNE, 


Aſtronomer Royal. 


To the Rev. the Vice-chancellor of 1 
the Univerſity of Oxford. 5 


I received an anſwer from the Vice- chancellor, 


dated January 27th 1792, that the delegates of 
the preſs had 
fideration ; and that he was requeſted by that 
Board to ſay, that proper directions ſhall be 


given for a copy of Dr. Bradley's Aſtronomical 


Obſervations to be ſent to me as ſoon as the 


* 


that day taken my letter into con- 


work ſhall be ready for publication, which they 


are uſing every method to expedite, 


Lad 


4 
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with an immediate copy of Dr. Br 


| 3 my | 
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as. far as they were printed and 
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